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DEDICATION OF THE NOBLE PACE
SEED TECHNOLOGY LABORATORY
Or. William A. Giles11
Most of the progress man has made in modern times has resulted
from capable planning based upon accumulated knowledge and principles.
At times, however, products and institutions of great worth come into
being without regard for and, indeed, almost in defiance of logic and
reason.
This Seed Technology Laboratory is an excellent example of what
has just been said. Why, of all places, should there have been developed at Mississippi State University a program in seed production,
processing, and handling with world-wide following?
True, Mississippi has been involved in an international cotton
planting seed business since the 1840's. However, the reasons the program was established and flourished here were first, there was a need
for reliable information on seed production, processing, and handling;
second, on the staff here were some imaginative people who recognized
an opportunity to be of service to a vital segment of the agricultural
industry; third, there was an interested and influential group of individuals outside the University who "blew on the coals" to keep the
idea alive.
At approximately the midway point of the Civil War, President
Lincoln signed into law the legislation which created the Land-Grant
Colleges in the United States. The idea of federally and state supported colleges to teach agriculture and the mechanical arts had been
debated in Congress for more than a decade. To a vast majority of the
people who lived on farms or were engaged in other aspects of developing the resources of the nation,it was evident that lack of knowledge
was and would continue to limit growth.
Soon after the Land-Grant Colleges were established it became apparent to faculties in agriculture and engineering that there were no
well organized bodies of knowledge in these broad areas. There were
more questions than answers. Even where answers were given, there
were few hard facts to support them . Many of the answers were opinions based on casual observation. What was needed, the professors
said, was sound experimentation to furnish facts for teaching and for
building a solid scientific base for agriculture, engineering, and
other fields of knowledge.

11or. Giles is President of Mississippi State University and was
the first Director of the Seed Technology Laboratory.
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As the teachers di scussed problems with farmers and industrialists,
need for educational programs outside the classroom became evident.
Young men and women who had not started careers could come to the col leges to be taught. For heads of families bus ily engaged in making a
living going to col l ege was impossibl e; yet they too needed to be educated.
Somehow, the Land-Grant peopl e thought, a way must be found to extend the classroom beyond the boundari es of the colleges. After a
period of devel opment there emerged the highly effective extension programs supported with federal, state, and county funds.
After mo re than a hundred years of experi ence , the objectives of
the Land-Grant instituti ons are accompli shed through teaching, research, and service .
This brief account of some of t he motivati ng forces associated
with the growth and maturity of Land-Grant universi ti es is given because some of the same needs and responses have influenced the Seed
Technology Laboratory.
Conservation consciousness in the United States evolved from massive federal programs of soi l and water conservati on initiated prior
to W
orld War II . After the War thousands of veterans enroll ed in Coll eges of Agriculture . Professors, students , and fa rmers on the land
were interested in enterprises whi ch would conserve the soil resource,
yet produce sa l eable products. The logi ca l result was a widespread
interest in grassland ag riculture .
Among other things , grassland agriculture requires l arge quantities of seed of grasses and small-seeded legumes. In t he late 1940' s
and the decade of the fifties, seedsmen were handling larger volumes
of seed than ever before and were faced wi th more and different seed
separation problems than they had ever known.
Each seed processor had
of weed seed from grass and
a fund of knowledge to help
si ngle place to turn to for
problems, the art of making
trade secret .

hi s own receipts for various separations
legume planting seed. Nowhere was there
the troubled seedman. Neither was there a
help . Although seedsmen met and discussed
certain seed separations was regarded as a

Sometime before 1949 the late Noble Pace, a progress i ve seedsman
in Clevel and, Mississippi, decided that the industry needed a t raining
and research program to help solve its t echnical problems . After many
conversations with admin istrators at Mississippi State, Pace succeeded
in convincing them that a program of teaching and research for the
seed industry was desperately needed .
Noble Pace neve r ceased working for the advancement of t he Seed
Laboratory. He made converts wherever he went . He insp ired all of us
who were connected with the program.
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The seed technology program became a j oint venture between the
Departments of Agricultural Engineering and Agronomy . Seedsmen in the
state influenced the Legislature to appropriate funds to get the project started . Later regional research fund s through the Experiment
Station provided a major share of support.
During
processing
equipment.
seed trade
ratory.

the early stages of its development, manufacturers of seed
machinery contributed to the laboratory through the loan of
In this same beginning era publicity given the program by
journals was invaluable in building confidence in the labo-

Just as the professors in the new Land-Grant Colleges found that
there was a shortage of factual material to use in teaching agriculture, so the staff in seed technology found when the program was
started.
The first teaching service venture of the laboratory was a seminar
for seedsmen in the summer of 1951. Noble Pace was chief advisor for
planning the program and locating lecturers. Response to the seminar
exceeded expectations. Representatives of the seed industry from many
states were present. Even more encouraging was an expression for expanded programs on an annual basis.
Under Dr. Louis Wise's direction, t he Laboratory joined A.I.D.
in contracts to help several nations develop programs in seed production and processing. Later a worldwide contract was approved which
has been the basis for scientists here working in some 36 different
countries.
Dr. Dean Bunch brought to the Laboratory a solid experience and
training in seed production and processing . Dr. Delouche with his
fine background in seed physiology and seed analysis has completed the
circle of highly qualified talent which focus the present staff.
Thinking about the dedication caused me to review the accomplishments of the seed technology program and to list contributions to the
seed industry .
The following seem worthy of note :
1. The program through Short Courses for Seedsmen has provided a
forum for free discussion of technical problems in the industry. By
bringing together seedsmen, manufacturers of processing machinery, and
scientists problems have been more clearly defined for better understanding. In addition, sharing problems and solutions has helped to
break down most of the barriers of secretiveness which marked the industry. Changes which have taken place as a result of the openness
and candor moved the seed industry from a guild to a profession.
2. By developing a staff of experienced scientists and engineers
the Laboratory provides a knowledge and research resource for the seed
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industry world wide.
3. Through the undergraduate and graduate programs trained personnel are being provided the industry.
4. Working in underdeveloped countries has contributed in a major
way toward helping solve the world food problem.
5. Primarily through the efforts of Dean Bunch, the development
of the seed industry in Brazil is a monumental accompli shment .
We are dedicating a building here today -- the Noble Pace Seed
Technology laboratory; yet the building is rea lly a symbol for an idea
that grew and was fruitful.

"A sower went out to sow hi s seed; ----And some fell into good soil and grew,
and yielded a hundredfold."
luke 8: 5 and 8
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THE U.S. SEED INDUSTRY:

TODAY AND TOMORROW

Dr. Harold D. Loden
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It is a privilege to participate in the program of this 23rd Annual
Short Course for Seedsmen. I am particularly appreciative of the privilege of participating in the Short Course during which the Noble Pace
Seed Technology Laboratory has been dedicated.
When Dr. Delouche assigned the title for this talk, I was glad he
used the term "Seed Industry." This is a much better term than "Seed
Trade" or "Seed Business," to characterize what the seedsmen of today
do. We are truly an industry just as much as the automotive industry,
the steel industry, or the petrochemical industry. In discussing the
topic "The U.S. Seed Industry: Today and Tomorrow," I would like to take
a brief look at our industry - past, present, and future - with respect
to the economic environment in which the seed industry has developed
and in which it must continue to function.
To do this, we must look at American agriculture. I recently read
an interesting report which pointed out that the American farmer as we
know him today has evolved through three definable dimensions.
First, the agrarian dimension began with colonization of this country and continued past the turn of the present century. In this period,
farming was not considered a business; it was a way of life. Likewise,
there was very little organized seed industry. Seed were a product of
the farm whenever possible. Trade was most often between neighbors.
There was a very strong work ethic during this era. Much of the labor
was generated by the family. Capital requirements were rather small.
Land was generally inexpensive and readily available. Those requirements which could not be furnished by the family were purchased. This
meant that quite often the initial purchase of seed was not replenished
and when purchased were most often obtained from neighbors. There was
little interference from state and federal governments. In summary,
there was nothing which approached the seed industry as we know it today.
The next major dimension, the industrial, began in the early part
of this century with the industrial and technological revolution.
Draft animals, required for more than three thousand years for plowing,
harvesting, and transportation were made obsolete by the invention of
the internal combustion engine and the assembly line. Animals were replaced by machines which did not require oats and corn, thus freeing
thousands of acres of land for crop production. Crops could be produced for sale rather than for internal uses such as animal feed. The
self sufficient farmer became a marketer. It was during this time that
the farmer began losing much of his independence, mainly because his
J! · Dr. Loden is Executive Vice-President of the American Seed Trade
Association, Washington, D. c.
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capital requirement s increased substantially. The banker became more
and more important and demanded to know how the money l oaned would be
spent and how and when it would be repaid. The government interfered
with free market for agri cultural products and eventually dictated
to the farmer how much of each crop he should pl ant and harvest . I believe it appropriate to say that it was the early part of t he twentieth
century when the seed industry, as we know it t oday, was really born.
We have now reached what can well be termed the "Executive Dimension." The farmer of today, and tomorrow, who plans on continuing in
business has developed the same kind of profit and loss mentality as
an executi ve in any major business in this country. He has become a
specialist in a particular group of crops or livest ock. Many are even
speciali sts in production of certain kinds of seeds. Hi s energy is directed toward obtaining the highest return on invested capita l . He
must be a better manager than his predecessors. Automation i s the name
of the game . Farming i s becoming more and more capital intensive . Marketing is complicated - and often worldwide.
In summary, the farmer has evolved from a frontiersman t o a manager
of a complicated business - one whi ch i s changing and will conti nue t o
change at a faster rate than ever before.
I believe it is self-evident that the tra nsition i n the seed business has been of the same type and magnitude as tha t whi ch ha s occurred
in agriculture. These changes have been dictated, and will continue t o
be dictated, by the characteristics of agri culture - not only domestic
but on a worldwide basis.
Let's now look briefly at a number of other f acts which serve to
shape the environment within which the seed industry must exi st.
There is a food shortage in many parts of t he world and the cost
of food i s going up in this country and abroad. This concern about
food has stimulated much activity. It was responsi ble for the recent
W
orld Food Conference in Rome, and almost daily we see or hear articles
in the press and special TV programs about food. For a l ong time, almost historically, the American public has taken for grant ed an abundance of high quality food at low cost.
We should remind ourselves of a few basic facts . First, agricult ure is a system for converting basic resources into the goods that
people need. Basic resources are land, water , air, li ght , sunshine ,
and seed. We could emphasize, "First, the Seed." Living seed contain within themselves the genetic basi s that determi nes the potential
for growth and development. Seed are the bridge from one generation
to another. The needs of people are food, clothing, and she lter, plus
beauty and recreation for quality of life worth l ivi ng. Therefore,
everyone who eats food, wears clothes, and has some type of home has a
vital stake in agriculture . They likewi se have a vital stake in seed.
The potential for growth in seed plus the phenomenon of phytosynthesis
are the vehi cles by which basic resources are converted into goods which
people use.
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In a broader sense, the agricultural system produces , harvests,
stores, transports, processes, and delivers to the consumer. The needs
are increasing . World population has been growing at an alarming rate
in recent years. Per capita consumption of food has gone up as people
around the world have more money to spend. The population problem becomes greater since the immediate result after the basic food needs are
met is, in most instances, an increase in birth rate with further increased demand for food. But while the needs are increasing, the resources are declining. Agricultural land is converted to non-agricultural uses . Water for agriculture, industrial, and municipal supplies
is not adequate in some areas. Fertilizer has become scarce and expensive. Energy to power the system is also expensive. Agriculture is
continually faced with new and difficult problems. The seed industry,
as an integral part of agriculture, faces the same problems.
What this means to us, as seedsmen, is that we are part of a constantly changing environment. The direction and magnitude of the changes dictate the changes we must make, or should make, in our products
and our business if it is to survive .
As another basic fact, agriculture is a cost intensive business.
The conversion of raw goods that people need requires investments in
resources. labor, energy, buildings, equipment, and managerial skills.
All these items cost money, and the system will not operate for long
unless the economic incentive is there. Basically, the consumer of
the goods must pay for the cost of production and a little more, or
someone else pays for him. If we have food shortages in this country,
it will probably be because people choose not to produce for economic
reasons rather than because we lack the basic resources and technology
to produce.
The history of the seed industry has indeed paralleled the history
of agriculture. Agriculture began when man ceased to survive by collecting plants and hunting animals, and began to plant and save seed
for successive crops and domesticated animals. Then came the selection of improved lots, trading, and commerce of seed. Here we have
finally reached the present state in which we have a sophisticated and
complex industry of genetic improvement, production, and distribution
of seed and crop varieties. Since a people's well being and prosperity
are based on good agriculture, an adequate supply of good seed is basi c
to agriculture. As seedsmen we are all quick to point out the importance of our industry, but we must also recognize that we also need the
land, the weather, and the protection of the growing crop to obtain development of genetic potential. All this is accomplished in the real
world of nature and the economic world of dollars and cents.
Unquestionably, we all agree that the developers and producers of
quality seed play a vital role in the efficient functioning of the
American agricultural economy . Seed which the farmer plants represents
a minor cost factor compared with the size of his investment for land,
equipment, the cost of labor, and other inputs necessary to produce a
crop. The purchase of seed can have a very important effect upon a
farmer's financial success, and the price of seed is of considerably
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less importance than its potential performance.
Historically, the economic function of the seed company is to contract with growers for the production of seed, the purchase of that
seed at the time of harvest, the cleaning and conditioning of seed to
prepare it for shipment to customers for planting, and financing the
seed crop from the time it is purchased from the grower until it is
sold to the customers. One of the unique facets of the seed business
is that it is highly seasonal. The structure of the seed business is
like any other large organization. It may range in size from a company having annual sales in excess of one hundred million dollars to
small one-man operations. Management principles for the seed industry
are the same as for any other business of similar size. The seed industry is also characterized by its complexity; a seed company no
doubt requires personnel with a wider range of technical capabilities
and a higher degree of specialized technology than most business enterprises of comparable size.
It is difficult to determine the total number of seed companies in
the U.S. Considering only those companies whose business is primarily
the production, processing, and sale of seed as opposed to local seed
merchants, we estimate they number about 600.
Another figure, again an estimate , is that the total value of seed
planted in the U.S. is probably between 1.8 and 2.0 billion dollars,
including that saved by the farmers for their own use. On the other
hand, we estimate that the approximately 600 companies producing and
selling seed 1n the U.S. have an annual sales volume of 1. 1 to 1.3
billion dollars.
The export of seed from the U.S. is of importance from two standpoints. First, and of greater importance, is that seed from the U.S.
provides the basic requirement for the production of untold quantities
of food, feed, and fiber around the world . Without this, the standard
of living in those areas, as deplorable as it may be in some, would not
be what it is today. Secondly, seed exports from the U.S. to other
countries is an important facet of our total industry. It is not only
important, but has been growing. In 1963, about 20 million dollars
worth of seed were exported. In 1974, this had reached a value considerably in excess of 100 million dollars. Those figures not only reflect a growing market but are indicative of the appreciation of high
quality seeds produced in the U.S. throughout the world. The U.S. seed
industry not only serves as the basis for our national agricultural
economY but is doing so on a world-wide basis. The status of technology
of the seed industry in the U.S., coupled with some of the best seed
producing areas in the world for production of high yields of highquality, disease-free seed, means that the international trade of seed
is expected to continue its upward growth trend .
No analysis of the U.S. seed industry would be complete without
recognition of one very important aspect - the very close and unusually
harmonious relationship which has developed and exists at its highest
level today in the working relationships between the private sector and
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the public and quasi-public segments of our industry. Nowhere else in
the world are such relationships to be found. Without these relationships, our industry could not have reached its present status in making its contributions to our national and world-wide economy.
Now let's look to the future. It will not be my purpose to impose
upon you unprovable predictions based upon crystal ball guessing. Instead, I would like to talk more about the immediate future and discuss
some of the problems facing our industry, subject to forces which have
already been set in motion.
First, like other businesses, seedsmen have to adjust to escalating costs, and this has in recent years been coupled with shortages in
a number of kinds of seed. Production contracts of many specialty
crops have to be completely restructured to adjust to new values of options open to the seed producer. The entire economic environment occasioned by "inflation, recession, or stagflation" will have profound
effects upon the seed industry in the immediate and long-range future.
Another new dimension for variety development of the future has been
introduced by the Plant Variety Protection Act. Both public and private
breeders can now enjoy certain safeguards on the production and sale of
new varieties they have developed. This program has already indicated
its overall value to serve agriculture by stimulating greater research
for the developement of more improved varieties for farm and garden.
We are going to see more sophisticated research programs by the private
seed industry.
We are going to see the multidisciplinary approach more widespread.
The team of experts has now become essential. Plant breeding must have
the broad support from specialists in other related fields. Naturally,
this intensified research by private industry will magnify the demands
upon universities and experiment stations to train personnel and increase basic research.
Not all of the future is bright, particularly in the realm of regulation. We must accept as a fact that we will be faced with increased
government regulation, both state and federal. OSHA is a reality.
GRAS is here. DDT is gone. Al drin and dieldrin are gone. Field burning is being curtailed. New zoning rules and new land use rules appear
to be imminent. EPA regulations affecting every segment of agriculture,
including the seed industry, are being promulgated in an ever increasing number. Regulations to improve our environment mean that some parts
of agriculture wi l l have to adopt very expensive procedures or else shut
down . Unfortunately, none of these regulations take into consideration
the costs which these constraints, individually or collectively, have
upon the seed industry, agriculture, or the consumer. It is likewise
unfortunate that many of these new regulations are being set up and administered by individuals who have no training in agriculture or knowledge of farming .
Another factor none of us considering the future of our industry can
afford to overlook is the trend to a different kind of corporate struc-
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ture with different business objectives for a large segment of the industry. Mergers and acquisitions are br.inging together combinations of
different disciplines for greater variety of res·ources. These mergers
often bring together the matching of physical science research with
botanical research . This should strengthen the total scientific impact. Some seed companies are also diversifying into other related
agricultural fields. Many companies are becoming truly multi-national.
All of this s hould bring to the seed industry greater financial strength.
more sophisticated management, and a complimentary effect between genetic improvement and other agricultural inputs.
As this evolution takes place, it should be self-evident that the
inputs from organizations such as Mississippi State University. its
training in seed technology and sponsorship of these seed short courses,
must be greatly magnified. It should be further evidence of the fact
that the leadership of this institution has already recognized the growing importance of the seed industry and is preparing to meet the demands of the future. Mississippi State University's Seed Technology
laboratory has developed for itself a position unique among institutions
around the world. This laboratory i s a monument to the foresight of
seedsmen like Noble Pace and lane Wil son , who worked untiringly and unselfishly to help bring the seed industry to its present state of development and technology.
Truly, this modern and well equipped facility and its many graduates
stands as evidence of the vision, faith, and foresight of Mississippi
State University and its leaders - particularly Louis Wise and "Bill "
Giles - in recognizing the challenges which face the seed industry of
today and tommorow.
In conclusion, let's reflect briefly on the remarkable and exciting
opportunities in agriculture which are also opportunities for the seed
industry. The world population is increasing by about 75 million people
per year. We face the challenge of upgrading diets around the world.
This means that agriculture has a constant, increasing, long-term demand for its products. Undoubtedly, with proper mamangement, yield
levels of crop production can be maintained or increased. The challenge
for the seedsman is to generate, with the greatest possible in~enuity ,
the technology to meet those ever increasing demands. As prov1ders of
seed - the basic input for food, feed, and fiber production - the future for those of us in the seed industry seems exceedingly bright .
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HARVESTING SEED FOR QUALITY AND PROFIT1/
Delbert BygY
The opportunity for a soybean producer to do an "expert" job of
harvesting soybeans is greater today than at any previous time in history! This has come about, I believe, because of a number of happenings that have tended to build - one upon the other - to the point
that if a farmer "corrmits" himself to doing an expert job of harvesting soybeans, he can do it!
Events over the past 8 years that have made expert soybean harvesting a reality today include:
1.

2.

3.

4.

5.

6.

University research and extension engineers have done
an excellent job determining harvest loss levels, their
source, what could be done to reduce them, and what loss
levels should be acceptable for harvesting soybeans.
The farm machinery industry, original manufacturers as
well as short line companies, have been providing new machine accessories and new machine designs that are improving harvesting efficiency - and more improvements
are on the way .
The increasing demand for protein in the world market
and the ability to increase soybean production to meet
that demand has changed the image for soybeans . So,
farmers are listening.
The world economy, that has generated the highest soybean prices levels ever known, has caused farmers to become efficiency minded. They can calculate what loss
levels of 3 and 4 bu/acre mean to their profit margin,
and they don't like it.
The various soybean associations and other organizations
interested in soybeans have done an excellent job of
spreading the word on what needs to be done and how to
do it.
The "Energy Crisis 11 will cause soybean producers to improve their production efficiency still further. They
will want to harvest every bean they grow - and well
they should.

So, with this brief history of events, I will seek to explain
how "expert soybean harvesting .. can come about and why producers
should commit themselves to doing a better job.
What I mean by an expert job of harvesting soybeans is a field

.!/This article is based upon information given in 11 Guidelines for
Expert Soybean Harvesting". Ohio Ag . Ext. Ser. Bul 578, Columbus, Ohio.
~Or. Byg is an Extension Agricultural Engineer, Ohio State Univ.
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loss of 3% or less. If it is 5% of yield~ you are good. But, if it's
10% to 12% of yield~ you're just average. And, keep in mind that the
average is improving slightly each year - so average operators will
have to do better just to continue to be average.
Every extra bushel saved at harvest is clear profit . In fact,
with current soybean prices, the dollar value "per hour " for expert
harvesting over average harvesting i s quite impressive. With soybeans
at $6/bu and combining 3 acres/ hour~ the increased return for an expert job of harvesting is $50.40 . With an opportunity to gain $50/
hour, how can you or your seed growers not make the commitment to become an expert combine operator?
Doing an expert job of harvesting i sn't easy. There are certain
things you will have to recognize and measure to help evaluate the situation and make the right decision.
In checking harvesting losses in Ohio, whether soybeans or corn,
we soon real ized that certain key steps should be followed to reduce
losses. These key steps are :
Know where losses commonly occur and why .
Know how to quickly measure these losses. .
Know what losses are considered reasonable from the various
machine components .
4. Know what machine accessories and cultural practices will
help reduce losses.
5. Know what machine adjustments and operating practices will
keep losses to a minimum.
1.
2.
3.

Types of Losses
1.

Preharvest loss consists of loose beans and beans in pods detached from the stalks and lying on the ground prior to harvesting. These should not be charged against the machine,
but you may want to change variety if they are excessive.
2. Gathering unit loss is the sum of the following specific
losses :
(a) Shatter loss - beans free of pods and pods free of the
stalk, resulting from harvesting.
(b) Stubble loss - beans remaining in pods attached to the
stubble.
(c) Lodged loss - beans remaining in pods attached to the
stalks which were not cut.
(d) Stalk loss - beans remaining in pods attached to stalks
which were cut but not delivered to the harvester.
3. Cylinder loss is unthreshed beans remaining in pods which are
passed through the harvester .
4. Separation loss consists of beans free of pods which were
discharged from the combine separator.
The most difficult problem in harvesting soybeans is to get all
beqns fnto the machine. Bean pods may set low on the sta lk, close to
the ground. Beans also tend to shatter and fall to the ground. The
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net result is that beans lost at the gathering unit account for more
than 90% of the total loss. Also, more than 50%of this gathering
loss is shatter loss. Our challenge then is to operate the combine
so gently and accurately that all the beans enter the machine. Thus,
much attention must be directed to the combine header and its operation.
Operation of Reel
Excessive reel speed in relationship to ground speed is one of
the most common causes for excessive shattering. Most older machines
have a fixed drive assembly for the reel. Consequently, once you
select a specific drive sheave or sprocket, the reel speed is set for
a related ground speed. If you drive at a slower ground speed, the
reel has a flailing action that results in excessive shattering .
The reel should have a speed of rotation that lays the beans
gently back on the cutterbar as the knife cuts the stalks. You can
see this best by walking beside the machine and noting the action of
the reel. The desired action will occur when the peripheral speed of
the reel is 25% to 50% faster than ground speed, depending upon the
type of bean being harvested. The faster reel speed is needed for
the bushy, spreading type of bean plant, whereas the slower speed is
desirable for the single stem type of plant.
A "variable reel speed drive" is available on all new combines;
it also can be added to many older combines. This makes it possible
to select the optimum reel speed to match the crop condition. In my
experience, this unit should be standard on every combine.
Proper reel positioning also influences shatter loss as well as
lodged loss and stalk loss. Positioning the reel too far forward permits excessive flailing of the bean sta l k. Running the reel too high
causes lodged stal ks to be missed.
Reel position is fixed on many older machines. Thus, there may
be many places in any field where the reel height is incorrect.
There is little you can do about it unless you add a "reel position
control". This control consists of two hydraulic cylinders that make
it possible to raise the reel "up and down" above the cutterbar while
the machine is in motion. It has been classified as an accessory on
most machines, but is becoming standard on many machines. This reel
position control is essential for doing a peak job of harvesting.
The "pick-up type reel" is desirable over the "bat-type reel".
If soybeans never l odged, a bat type reel might be satisfactory; but,
where lodging occurs, a pick-up type reel, used in conjunction with
the ree.l position control and the variable reel speed drive, can do
a remarkable job of moving lodged beans into the combine. We have
also found that a 6-bat reel is much more effective in handling the
lodged crop than is the 5-bat reel.
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Positioning Cutterbar
Operating the cutterbar too high above the ground is another
common cause for excessive bean loss . Bean pods, cut by the knife
sections, will shatter and many of the beans will fall to the ground .
Also, all pods below the knife will be left on the stubble .
The cutter bar shou ld be operated right on the ground in order
to get all the beans. However, doing this on a modern sel f-propelled
combine is most difficult and frustrating . The operator, sitting
above and behind the cutterbar, must have excellent depth perception
and reflexes to constantly keep the cutterbar at its proper height.
This creates the need for another control - the automatic header
control or floating header, or better yet, a floating cutterbar extension used in conjunction with the automatic header height sensing
unit. The floating cutterbar extension is as its name implies, free
floating from the rest of the combine and it extends 8 to 10 inches
ahead of the usual knife position on the combine . The floating feature allows the knife to cut the bean stalk at 1 to 1.5 inches above
the ground. This is 2~ inches closer to the ground than usual with
the regular header using automatic sensing controls. Also, the knife
is free to flex or bend - to follow the contour of the ground - and
the knife can stay "flat" on the ground regardless of the rocking action of the combine. Cutting close to the ground greatly reduces
stubble loss as well as shatter loss .
The "extension" of the floating cutting bar is also desirable in
that it provides more room (distance) between the knife and the cross
auger of the header. The extra distance allows tall soybean stal ks
to lay more horizontal before they start moving with the auger. This
greatly reduces the recutting loss as well as shatter loss. In our
field studies, the floating cutterbar extension can reduce average
header losses by 1 to 2 bu/acre. Figure 1 shows the relative merit
of the different headers commonly used.
Fear of stones entering and damaging the combine cylinder has
influenced farmers to run the cutterbar higher than necessary. A
stone trap ahead of the cylinder is an essential item. But why not
a stone sensing and ejecting device that will do as its name implies
- sense and eject stones - while the machi ne is in operation? Such
a device is needed when harvesting corn as well as soybeans. Our
farmers need it and want i t; the challenge is for industry to produce
it.
The floating cuttingbar extension does an effective job of keeping stones out of the combine cylinder. Stones the size of a baseball or softball may ride on top of the knife, but they don't go up
the incline. into the cross auger. So, the combine operator can stop
and pick up the stone or ignore it; in the latter case, the stone
will usually vibrate off the knife and the header will pass over it.
I am happy to report that this year at least three major machinery compani es provide this floating cutterbar extension as original
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equipment on their combines.
direction, in my opinion.

This is certainly a move in the right

Avoid Excessive Ground Speed
Excessive forward speed can also cause excessive shatter and
stubbl e loss. Most combines have a fi xed knife speed. As forward
speed increases beyond 3.2 mph the knife begins stripping the stalk
excessively before it is cut. The bean pods, stripped from the stalk,
will then shatter , be cut by the knife, and fall to the ground. Uneven height of stubble is indication of too fast a forward speed for
knife speed. Also, as forward speed increases, height of cut usually
increases, resulting in more lost beans at the gathering unit. Our
work indicates the ideal ground speed is 2.8 to 3.0 mph in clean,
standing beans.
Cylinder and Separation Losses
Cylinder and separation losses are usually low; together they
should be only 0. 1 bu/acre where the f i elds are free of weeds. However, overloading the rack and shoe, due to excessive forward speed or
heavy weed growth can cause these l osses to increase to nearly 5% of
yield.
In his soybean harvest work at the University of Illinois, Ralph
Nave reported that cylinder and separation loss in pigweed-infested
plots harvested prior to frost was 4.4% at 3 mph as compared to 0.7%
at 1 mph. After frost, and after the weeds were desiccated before
harvest began, the cylinder and separation loss was the same - about
1% - at both speeds. This indicates that green weeds in mature soybeans are a severe harvest problem unless you are willing to reduce
your ground speed by 66%. His work also showed that one smooth pigweed per foot of 30-inch-row beans reduced yield 25% to 30% while
the s~me degree of giant foxtail infestation reduced yield by 13%.
This suggests that better weed control measures should receive a
higher priority by many soybean producers.
Separation loss is observed by watching the discharge from the
chaffer while the combine is in operation. Beans should not be blowing out or riding out with the chaff . Best recommendation here i s to
use the "book setti ng" for sieves and wind, prevent overloadi ng , and
then make only small changes in the book setti ngs and meas ure results.
Cylinder and separation losses are usual ly nil and not easy to
measure because of the straw chopper used on so many combines today.
The best way to check for cylinder loss is to stop the combine in the
field and disengage the threshing mechanisms. Open the door over the
straw rack and examine the soybean straw on the rack. You should not
find any beans left in pods if threshing is adequate.
Over-threshing frequently is a problem in dry soybeans. Use just
enough cylinder speed with the specified cylinder concave clearance to
shell the beans from the pods without excessive cracking (Figure 2).
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Cultural Practices That Help
Practices that lead to expert soybean harvesting begin long before the combine enters the field. Most important are :
(a)Variety selection - Plant a variety that is well adapted to your
region- one that will "stand up" well and hold beans in pods without
shattering after drydown.
(b)Level seedbed preparation is essential if combine headers are to
skim the ground at harvest . Evidence of dead-furrows and back-furrows
must be eliminated .
(c)Cultivation to control weeds should not "earth up" soil around
the beans. Earthing-up should be avoided like the plague to retain
pod set well above ground level. A rolling cultivator, adjusted to
keep the ground level, does an excellent job when timely used. Sweep
cultivators with half sweeps near the row are also effective; shovel
cultivation should be avoided when the soil is too wet since it can
deposit large clods of soil in the soybean row. Then, at harvest,
the combine either floats over these clods or cuts through them;
either way, the results are not good. Also, any lodged stalks lying
below the hilled-up rows will be a sure loss at harvest.
Pinpoint and Measure Losses
A sure way to increase harvested yields i s to use a fast, easy
method for measuring machine losses.
Unless you know how much you are l os ing and from what part of
the machine this loss is coming , it i s impossible to know for sure
what corrections to make in machine adjustment . Also, how do you
know if these adjustments actually improved the situation? Or made
it worse? Measurement is essential!
The method of loss measurement that I have found most practical
for farmer use is based upon the number of beans lost per unit area.
If you are losing four beans per square ft. of area, you're losing
about 1 bu/acre. An easy way to estimate bean los s is to make a rectangle with a piece of twine and four wire stakes or pins (these can
be made from No.9 wire) . The rectangle should equal the machine
swath and have a length that will enclose 10 square ft. of area. Then,
make bean counts in this 10-square-ft. area. Divide these counts by
40 and you have the loss in bu/acre.
The details of an accurate procedure for determining specifica lly
where harvest losses are occuring are outlined in Figure 3.
Operating Practices
Operating practices that will help keep losses low include the
following:
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Figure 3 Procedure for checkins h~rvest losses
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Procedure
1. Stop combine at least 300 feet in from ends of field and
where crop is typical of entire field . Back up combine
about 15 feet . Place rectangular frame across swath
harvested at rear of combine. Count all beans in frame
and enter this count in loss data table column 1-A.
Divide this number by 40 and enter the loss in bushels
per acre in column 1-B. If loss is near 3% of yield, keep
right on harvesting. If loss is greater, then proceed to
pinpoint the sources of loss.
2. Determine preharvest loss by placing rectangular frame
in standing beans in front of combine. Count loose
beans on ground and beans in pods laying loose on
gro und. Enter this number in column 2-A and then
divide by 40 to get loss in bushels per acre. Enter this
loss in column 2·8.
3. Machine loss is determined by subtracting the preharvest
loss from the total crop loss. If machine loss is near 3%
of yield or less, keep right on harvesting. If more, then
proceed to check gathering unit losses.
4. Gathering unit losses are determined by placing the
rectangular frame in the space between the parked
combine and the standing beans. Then proceed to make
bean counts as follows :
a. Shatter loss- count all loose beans on ground and

't X )(

beans in loose pods on ground, subtract preharvest
loss. Enter this number in column 4 a- A and enter
bushels per acre loss in column 4 a-B.
b. loose stalk loss- count all beans in pods attached to
soybean stalks that were cut but not gathered into
machine. Enter this number in columnn 4 b-A and
enter bushel per acre loss in column 4 b- B.
c. lodged stalk loss- count all beans in pods attached to
soybean stalks that were lodged and are still attached
to the ground . Enter this number in column 4 c- A
and enter busheL per acte loss in column 4 c- 8 .
d. Stubble loss-count all beans in pods still attached to
stubble. Enter this number in column 4 d-A and
enter bushel per acre loss in column 4 d-8.
Total gathering unit loss is now obtained by adding the
losses in column B for shatter, stubble, loose stalk , and
lodged stalk losses. Enter this number in column 4 -B.
5. Cylinder and separation loss is now determined by
subtracting the gathering unit loss from the machine
loss. Enter this d ifference in column 5-B.
Note: Now compare your harvest loss levels to those in
column C. Then concentrate on machine
adjustments and operating practices that will give
the least total loss. Repeating these loss checks in
different parts of the field will greatly increase their
accuracy .

LOSS DATA TABLE

Source of loss

Column A
Beans Found in
10 Sq. Ft. Area

Number of Beans
=- To 1 Bu./Acre

Column 8
Your Bean loss
in Bu./Acre

Column C
Desirable loss
level in 40
Bu./Acre Yield

1. Total Crop loss

40

1.3

2. Pre-Harvest loss

40

0.1

3. Machine loss

40

1.2

4. Gathering Unit
loss. Totals of:

40

1.1

a. Shatter

40

0.4

b. loose Stalk

40

0.2

c. lodged Stalk

40

0.2

d . Stubble

40

0.3

5. Cylinder and
Separation loss

1111111/11111 Ill/ 1//111/11////ll/11

0.1

'JC X X
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1.

Have your machine in good state of repair. Sharp knife sections
and ledger plates are essential . Make sure belts are tight and
treated so they won't slip under load. Check combine for properly
governed engine speed or PTO speed. Thi s is basic.

2.

Adjust reel speed to 25% faster than ground speed. For a 42-inch
reel, this would be 11 rpm for each mile per hour ground speed.
Increase reel speed where crop is lodged, but decrease reel speed
back to normal when lodged area has been passed.

3.

Position the reel so it enters the crop only enough to gain control. Hydraulic cylinders make it poss ible to change reel height
while on the go. The reel axis should be 6 to 12 inches ahead of
the knife.

4.

Use "pick up guards" when the beans are lodged and tangled .

5.

In short beans, 12 to 18 inches tall, the effectiveness of the
reel can be increased by adding plywood strips to each reel bat,
making the reel bat extra wide. Allow about 2 inches of the pickup tines to protrude below the plywood bat.

6. Operate the cutterbar as close to the ground as poss ible. A
floating cutterbar extension with an automatic header control is
almost essential on self-propelled combines.
7.

Forward speed should be right at 3 mph on most machines to prevent
stripping of beans from stalk. Check stubble hei ght. If it is
uneven and jagged, forward speed should be reduced.

8.

After beans have once dried to 13%, take advantage of damp pod
conditions as influenced by light rain or dew. Shatter losses
will be greatly reduced. Night harvesting should be considered.
When pods are tough , use increased cylinder speed to thresh out
beans, but watch for excessive cracking. Cylinder speed and
clearance should be set according to the manual.

9.

Measure your harvest losses at least once a day and for each different variety of beans harvested.

10. Keep a record of your harvest losses for different varieties, machine settings, and crop conditions.
11. Complete the harvest as quickly as possi ble after beans f i rst
reach 15%moi sture .
I am sure you will agree that expert harvesting is not easy. It
takes knowledge, skill, judgement, and dedication, as well as good
equipment .

24

For those who have not seen new equipment operated in the field,
I suggest you do as we have in Ohio. Arrange "soybean harvest clinics ..
with the assistance of your County Extension Agents and your farm machinery dealers. Demonstrate the different machines with various accessories and various adjustments. But, most important, is the measuring of the losses after each demonstration to note results. This is
the real "proof of the pudding... In fact, if I were to list one
priority item to get you on the road to expert harvesting .. it would
be, learn to quickly measure harvest losses" . Once you have measured
losses and actually see what you are losing, your commitment to expert
harvesting will have been assured.
11

11
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BULK SEED STORAGE, DRYING AND AERATION
A.H. Boydl/
To meet the demands of the ever-increas i ng market for quality
seed, many seedsmen have found it necessary to expand and modify
their operations. To keep a seed processing plant operating, it is
necessary to have adequate seeds in storage either on the premises
or on the farm where they were produced.
However, our storage, drying and aeration problems do not necessarily begin when we load the seed into the storage facility. Quite
often we 11 Store 11 seed in the fields when weather conditions prevent
a timely harvest. It has been demonstrated that soybeans which have
been damaged, mechani cally or by weather, deteriorate much faster in
storage than those which were harvested early with little or no
weather damage. Part of this effect is the presence of more fungi
on weather damaged seeds . Mechanically damaged seeds are more susceptible to storage fungi than undamaged seeds.
As harvesting equipment gets larger, farms get larger, and the
harvest season shorter, there is more and more pressure on the drying
and storage faci l ities. This creates a greater tendency for farmers
to have storage on their own farms. The presence of storage and drying bins on the farm give the farmer-seedsman more f lexibi l ity in his
choice at the market , but at the same time create management problems
and add the risk of seed losing value because of improper handling.
Adaptations of existing equipment may be as varied as the mechanical drying and storage ingenuity of the seedsman and the dictates
of hts extsting equtpment. In some cases batch drying has been used
in combination with dryer bins quite effectively . Since most of these
dryers are designed for grain, a temperature rise of 90 to as much as
150F i s common. With a limitation of llOF air temperature for drying
seed, the farmers must be limited to a 30-50F temperature rise to
effectively dry seeds. The drying rate will be slower at the lower
temperature than 1t would have been under grain drying conditions.
The most common farm installations are large f lat bottom bins,
Generally, the greatest problem with such installations is the tendency
of the seedsman to fill the bin completely rather than fill it to the
level where effective drying can take place . Such bins almost always
can store much more than they can effectively dry. Figure 1 shows the
relation of horse power to depth of seed and air flow i n a typical soybean storage and drying bin. Note that as the depth of seed increases,
the a1r flow i'n cubic feet per minute per bushel decreases rapidly until a point is reached where the air flow approaches zero . Bin drying can

11Dr. Boyd is an Assistant Agronomist at the Nobl e Pace Seed Technology Laboratory, Mississippi Agricultural and Forestry Experiment Station, Mississfppi, State University.
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NOTE : Exact curve will vary s lightly
with manufacturer's fan design.
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be an economical and effective method of drying but when a high sidewall bin is almost completely full, about all you can expect out of
drying fans of any practical size is a good job of aeration or temperature adj ustment but not a good job of drying.
As we can eas ily observe as we travel, almost anything is mechanically possible in the way of modification or construction of drying,
storage and aeration facilities. Facilities are only limited by the
imagination of the designers and the economics of construction. If
one will carefu lly observe seed drying facilities, it soon becomes obvious that facilities are not the ultimate answer to the question .
The man operating the drying facility and making the decisions must
understand the problem; he must understand the principles of drying
and storage, the relationships of drying fronts, air flow, temperature,
moisture evaporation and heat transfer as well as the mechanics of air
movement and seed conveying.
One important point to remember i s that there is no magic moisture
content for bulk storage of seed . The equilibrium moi sture content of
a seed at a given relati've humidity changes somewhat with change in
temperature . Seed reach a lower moisture content at a given relative
humidity at a higher temperature, but the same seed will reach a higher
moisture content at the same relative humidity at a lower temperature.
Figure 2 gives an example of the equilibrium moi sture content of soybeans at 40 , 82, and 92 F.
Continuing with soybeans as an example, let us relate this difference in equilibrium moisture content at varying temperatures to the
conditions as they exist in the field. Figure 3 shows average temperatures at Mississippi State, Mississippi and the maturity date of four
varieties of soybeans to indicate the date and average temperature when
harvest and storage is likely to begin.
We generally assume that when seed are in equilibrium with 60% relative humidity they are quite safe for short term seed storage and
reasonably safe even at equilibrium with 65% relative humidity. Figure
4 shows the equi librium moisture content at varying temperatures in relation to the varieties and average temperature at harvest. For example
the Hill vartety soybeans harvested early in September will be quite warm
and the 65% relatfve humidity equilibrium point is about 11%. If we
store at the usually assumed safe storage moisture content of 12%with
temperatures in this range we may encounter rapid deterioration of seed
quality. Coupl e this situation with the occurence of green weed seed
and plant parts in the early harvested crop and it is easy to understand
how farmers often get tnto trouble with seed that are harvested in warm
weather .
figure 5 shows similar data for corn · but with the average temperature at harvest time at various l ocations throughout the U.S. Notice
that the equilibrium moisture content for corn at a given condition is
htgher than for soybeans . This difference is due primarily to the differences tn chemical compositton of corn as compared to that of soybeans.

Figure 2.

Equilibrium moisture content of soybeans under different temperature conditions.
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Effect of air and grain temperature and equilibrium rel ative humidity
on the safe storage moisture content of shelled corn.
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Seasonal Temperatures
At Mississippi State, MS
80
La..

0
Q)

s...

:;:::,

,s...

~

70

Q)

c.

m
1-

60

C'l

Q)

>

<:

1o

~Ql/

Lee 68
Bragg

~~k

Q)

,s...

Hi 11
Forrest

~J'

50

E

"',()

~
n,~.

00"

Q)

1C'l

40

c:
0

...J

30

20 .____.____~----~--~----~----~--_.--~
Aug. Sept. Oct. Nov.
Dec. Jan. Feb. Mar. Apr.

MONTH
Figure 5.

Expected average temperature and harvest dates at
Mississippi State, MS .

32

Moisture Migration
Another phenomenon that is even more important in bulk seed storage, as compared to grain storage, is moistu re migration. Differences
in temperature between the outside and inside of a storage bin cause
convection currents to flow inside the bin. Even if your seed are
within a safe equilibrium moisture content and temperature condition,
very cold outside temperatures can cause condensation or "sweating"
around the top and sides of the seed mass (Figure 6). After the seed
are cool, a subsequent period of warm weather can cause warm air curre~ts to rise alongside the bin with cool air settling through the
cellter thus causi'ng a high moisture zone to form in the center bottom
of the seed mass (Figure 7).
Several changes in the weather can create hot spots in the seed
which may not be detected until the bin is unloaded. Even more care
is necessary to prevent such a condition in seed storage than in grain
since i't has been shown by several investigators that germi nation and
vigor decreases drastically long before a reduction of one commercial
grain grade is noticed.
Moisture migration due to convection currents can be prevented
by timely aeration. Some good rules of thumb for aeration are:
1.

When the average outside temperature differs more than 20F
from the temperature of the seed in the bin, the aeration
fans should be turned on and the temperature adjusted.

2.

When a temperature rise of SF at any spot inside a bin is
detected, the bin should be aerated regardless of weather
conditions.

3.

An air flow of about 0.1 cfm/bu is adequate for aeration
purposes.

The ultimate key to mai.ntaining high quality in our stored seed
is stil l the man who is responsible for them. The greater his knowl edge of the many factors that affect changes in seed quality the more
likely he is to recognize the conditions that can cause trouble and
have self confidence enough to correct the conditions.
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SEED SURFACE

IS WARMED

Figure 6. Moisture migration caused by col d outside
conditions when the seed mass is warm.
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Moisture migration caused by warm outside
conditions when the seed mass is cold .
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PRINCIPLES OF SEED SEPARATION
Howard C. Potts

11

The emphasis of this discussion will be on the seed and other materials encountered in seed lots because the specific machines used for
cleaning seed are discussed in a wide range of publications. Often we
get so involved in thinking about machines that we ignore or at least
neglect the seed to be processed.
The removal of undesired materials from a seed lot is an act based
upon the application of scientific principles. Because of the inherent
variability of all biological materials, such as a seed lot or an individual seed, no one formula or recipe can be applied to processing all
seed lots of a species, or even the various seed lots of the same var-iety.
The anatomy of every seed lot is different. It is the seed processor's
responsibility to use his knowledge of seed and the available machines to
prepare the seed in a manner acceptable to the consumer.
Two seed can be separated mechanically only when there i s a mechanically detectable difference in one or more of their physical characteristics. If either a sufficient physical difference doesn't exist or you
don't have the machine capable of making the desired separation, the
separation can't be made as far as you are concerned. A lot of time and
money has been wasted trying to make separations that can not be effectively made with the machines available, although to the naked eye, there
was an obvious physical difference.
There must be a significant difference between the good seed and its
contaminants to make a mechanical separation. This is the most basic fact
of mechanical seed cleaning.
Physical Characteristics of Seed
Consider the physical characteristics of the seed on which various
machines act to make a separation. There are five physical characteristics of seed materials by which machines can make economical separations. These are: size, weight, surface texture, shape and color. The
use of differences in electrical charge, bouyancy and resiliency have
some promise, but these are not important at present.
SIZE
The most common difference between seed and their contaminants is
that of gross size . Most of the material cleaned from every lot of seed
is simply larger or smaller than the seed you are cleaning. Differences
in gross size are the principle reason that air-screen cleaner is the
basic machine in a processing plant.
l/ Dr . Potts is a Professor of Seed Technology at Mississippi State
University.
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Consider the components of any lot; the pure seed, inert matter,
weed seed, other crop seed, damaged seed, some of these materials will
be either larger or smaller than the seed we want to clean. This is the
difference in gross size. It is the screens of an air-screen cleaner that
are used to make this separation (Figure 1.). Recall that all components
of seed lot are three dimensional, that is they have length, width and
thickness. If there is a large difference in any one of these physical
characteristics between the seed and the contaminants, screens are available which can make the separation. Gross size can be subdivided into
three components; length, width and thickness.
Length
Differences in l ength are very common among seed. The length of a
seed is its longest dimension. For most length separations there must
be a difference of at least 4/64-inch, al though, if you have the time,
separations are possibqe among particles of less difference in length.
Two machines which separate primarily on the basis of length are the indented cylinder and the disc separator.
As shown in Figure 2, a cross section of the indented-cylinder, the
shorter seed fit into the indentations, are subsequently lifted out of
the longer seed and deposited in a collecting through. The weight of the
seed influences separations made with the indent-cylinder. The disc separator also separates on the basis of differences in length. This separation is shown in the l ongisection of a single disc given in (Figure 3.).
This length separation is not weight dependent .
Width
For many years separating seed on the basis of width was restricted
to corn and this is still the primary use of width separators. Figure 4
sho~s the shell of a width grader and clearly demonstrates how the
widt h separation is made. Any seed or particle whose width is smal ler
than the round perforation will pass through. With this machine differences in width as smal l as 1/64-inch are sufficient to make a separation.
Because of its accuracy in classifying seed, separations can be made between long and short grain rice varieties. The noxious weed, red rice,
is a short grain rice .and wider than long grained varieties .

..

Thickness
Separations made on the basis of differences in thickness are not
common except for corn. Al though, in a true sense the removal of split
or damaged seed, such as soybean spli ts, are made on the basis of a difference in thickness. When the size grader is used to make thickness separations a shell having oblong slot perforations is used (Fi gure 5. ).
Shape
Shape varies widely among seed of different species. The separations
made by the screens of an air-screen cleaner are often related to differences in shape, especially when screens having triangular perforations are
used. Of course the indented-cylinder, disc separator and width-thickness
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Fi gure 1.

Screen and lower air systems of an air-screen cleaner
(gross size).

Figure 2. Cross-section of an
indented cylinder separator
(l ength).

Figure 3. Cross section of an
individual disc from a disc
separator (length) .

Figure 4.

Schematic view of a shel l used to make width separations
(width).

Figure 5.

Schematic view of a shell used to make thickness separations
(thickness) .
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grader separate seed on the basis of shape.
However, there are some contaminants which can not be separated
from the good seed except for the fa ct t hat some seed are round and
others flat on at least one side. The spiral separator was developed
to take advantage of the fact that round seed, such as winter peas or
vetch, will roll more readi ly than wheat, oats or rye (Figure 6.). However, today this same principle, a difference in shape, is most widely
used to separate split and flattened soybeans, despined cockle burr
and giant morning glory from essentially round soybeans .
WEIGHT
Frequently we encounter seed lots which after having removed contaminants different in size and shape sti ll contain contaminants which
differ in weight or specific gravity. Machines which make separations
based on differences in weight involve a controlled stream of air.
Thus, when the size of the particles are approximately the same, but
the density differs, such as whole and weevil damaged wheat, rice or
maize seed, a separation is possible. The gravity table is the machine
most of us think of first when thinking of weight separations (Figure
7). However, the blast fan on an air-screen cleaner, the pneumatic
and fractionating aspirators (Figure 8), and the stoner all use differences in weight among the components of a seed lot to make a separation.

SURFACE TEXTURE
Differences in the texture of the seed coat or outer covering of
the seed or a contaminant is another physical difference among seeds
by which they can be separated. For many years the roll mill, which
separates seed on the basis of surface texture, was referred to as the
dodder mill because of its effectiveness in removing dodder which has
a pitted seed coat from smooth seeds of the same size such as red
clover, alfalfa, lespedeza, etc. (Figure 9). However, surface texture
separations are not limited only to seed with pitted surfaces. For
example, dock can be removed from smooth seeded legumes because dock's
sharp edges act in a manner similar to the pits in dodder, that is
they engaged the nap on the rolls sufficiently to permit the seed to
be lifted to the outside of the roll s .
More recently the magnetic separator has found favor as a separator of seed which differ in surface texture {Figure 10). However, to
be effective, seed separated by any magnetic separator must have a
seed coat rough enough to hold the iron powder. Thus, the magnetic
separator is not effective in separating dock because the iron powder
has no surface on which to lodge .
On the other hand, the magnetic separator is effective in separating buckhorn plantain from seed with smooth seed coats because when
moistened buckhorn seed become sticky and will hold the iron powder.
Buckhorn plantain can't be effectively removed by a roll mill.
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Feed Control

Inner Flights

Outer Flight

Flat Particle
Discharge
Round Particle
Discharge
Figure 6.

Cutaway view of a spiral separator.
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Oiagramatic side view of the air separation on a gravity
table (weight).

Figure 8. Cross-sections of the fractionating(L) and pneumatic(R)
aspirators (weight).
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Figure 9.

Cross-section of a roll mi ll (surface texture).

0

Figure 10. Cross-secti on of a magnetic separator (surface texture).
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COLOR
Separations based on differences in color are not used extensively
in the seed industry, because of the cost-output ratio of the color
separators. However, as this ratio has decreased use of the color sorter
has increased, particularly with companies processing seed peanuts. The
white, split seed are easily separated from the red, whole seed, a separation formerly practical only by hand picking. The keys to economic
success of this separation are the large s ize of the individual peanut seed permits a relatively high volume capacity and increasing labor
costs . (Figure 11).
As processors strive for greater uniformity and higher quality in
seed, and the cost-output ratio becomes more favorable it is likely that
increasing numbers of color sorters will be purchased for processing seed.
To summarize, the physical differences between seed and their contaminants; size, shape, weight, surface texture and color, and the machines used to make separations based on these differences are given in
Table 1. Electrical charge, resiliency and bouyancy are additional physical properties possessed by seed, however, at present there are no
economically practical machines capable of utilizing these characteristics
to make separations.
Factors Affecting the Separation
Knowing the physical properites of seed and the machines capable of
separating seed on the basis of these properties assumes practical importance only when applied to a specific lot of seed. Many persons who
can recite both the physical properties and the matching machines do not
fully utilize this knowledge when faced with its practical application
because of the variation that exists in the components of each lot.
There are several judgement decisions whi ch the processor must make
concerning the most effective machine and its adjustments for maki ng a
particular separation or series of separations. These decisions depend
upon the characteristics of the seed lot more than the machine. The only
method available, on which to base these pre-processing decisions, is to
examine a representative sample of the seed lot and determine the physical
differences which exist between the seed to be cleaned or upgraded and the
undesirable material that can be removed. Never forget : to make a mechanical separation there must be a significant physical difference between
the good seed and its contaminants.
Those contaminants which have physical characteri stics similar to
those of the good seed are of greatest concern. When examining the seed
lot particular emphasis must be placed on determining the presence of
contaminants such as noxious weeds, nematode galls, etc. which could
cause the seed to be unsalable even though the mechanical purity may exceed 99%. Common weed seed, seed of other crops or varieties, damaged
seed and inert matter similar in physical characteristics to those of the
good seed are of descending importance in most seed lots.
Contaminating materials obviously much larger, smaller or lighter
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Figure 11. Schematic diagram of electrical and mechanical
systems of an ESM electric sorting machine.

------------ - - -- - - - -- -- - -- - - - -- - -- -- - - -- -- - - -- - -- -- - -- Physical Property
1.

Machine

SIZE
(a~

Gross

Air-Screen Cleaner (screen section)

(b)

Length

Indented Cylinder, Disc Separator

(c)

Width

Width &Thickness Separator

Thickness

Width &Thickness Separator

-

(d)

2.

WEIGHT

Gravity Table, Aspirator, Stoner , Air-Screen Cleaner (fan section)

3.

SURFACE TEXTURE

Ro ll Mill, Magnetic Separator, Vibrating Separator

4.

SHAPE

Spiral Separator, Roll Mill

5.

COLOR

Color Sorter

Table 1.

Physical properties of seed and their contaminants and the machines which utilize these
differences to make separations.

~

c.n
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than the good seed are not of great importance except when such materials affect seed flow characteristics or when they represent more
than about 20%of the seed l ot. Seed lots containing a very high percentage of i nert matter, removable crop or weed seed normally must be
cleaned at a reduced rate to permit removal of these materials and to
avoid flooding the discharge spouts .
The frequency of occurrence of the contaminants also affects the
cleaning operation . Depending upon the quality standard to which the
seed must be raised, certain contaminants can be ignored. All clean
seed will contain a fractional percentage of inert matter . Many lots
of seed will contain a fractional percentage of other crop or common
weed seed because the cost of removing such seed, through additional
processing, exceeds the value added to the clean seed.
As an example, if the pre-cleaning examination revealed the presence of one oat seed per handful of wheat seed in a lot of non-certified wheat seed, the oat might be ignored . However, if the wheat seed
is to be certified it would be necessary to remove the oat seed.
Thus, the presence of this occasional oat seed would affect the equipment used, therefore, the cost of processing the certified seed, but
would have no effect in the example of the non-certified lot of wheat
seed. This same example is equally val id for common weed seed and
inert matter in that the quality standards set by ma nagement, or in
some cases laws, determines what contaminants must be removed from
each seed lot. Ideally, every lot of seed will be 100% pure seed,
realistically 100% purity is not practical, physically or economically.
Another factor which should be closely examined during the preprocessing examination is the size variation of both the good seed and
the materials to be removed. Inexperienced processors assume that all
the good seed and/or the contaminants are the same size, shape, weight,
texture or color. This is a false assumption! Every component,
whether seed or plant part, encountered in an uncleaned seed lot will
vary in each of its physical characteristics .
The data presented in Table 2, giving the variation in diameter
and weight of the pure seed in six lots of the same variety of soybeans should be sufficient proof of the variabi lity which exists in
the physical characteristics of the components of different seed lots.
This same kind of variation occurs in each contaminant of each seed
lot.
One of the saddest testimonies to the proficiency of a seed processor is to observe machine settings or screen sizes marked with the
name of a crop. Such marking usually indicates a disregard for the
natural variation in the physical characteristics of the components
of each seed lot.
Most seed lots which have been harvested and threshed mechanically
will flow through a properly designed processing plant. However, an
occasional lot of many ki nds of seed may lack the desired flow or pro-
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Seed Diameter (64th-inch)
(Percent of the Lot)

Lot Number

1
2
3
4
5
6

11

12

13

14

15

0.4
0. 4
0.0
0.0
0.0
0.0

5.1
5.0
0.0
0. 0
0.8
0. 7

24 . 6
23.5
0.9
0.9
4.4
2.7

52.3
54.1
3.0
2.6
21. 4
19.3

15.3
13.8
14.6
14.2
37.3
43.1

16

Lot
Average
17

2.4 0.0
3.3 0.0
43 . 1 31.7
42.2 32.8
28.2 7.0
29.3 4.9

18
0.0
0.0
6.9
7.4
1.0
0. 0

13.8
13.8
16. 2
16 . 3
15 . 1
15.1

18. 1 20 . 7
18.1 21.0
17.3 19. 2
17 . 4

9.1
9.7
15.8
16.0
12.6
13. 1

Weight/100 Seed
(Grams)
1
2
3
4
5
6

Table 2.

5.2
5.3

6.5
6.4

6.6
6.7

.

7.9
8.0
7. 4
6. 9
8.3
8. 6

9.7
9.8
10.3
10.2
10.2
10.8

11.6
11.6
12.9
13.1
12.1
13.0

13.3
13.5
15.4
15.3
14.4
15.2

The seed size distribution and weight of 100 seeds
lDts of Lee 68 soybeans (Ag uiar)
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cessing characteristics because of natural appendages; high ·quantities
of coarse, inert matter; high moisture content, or poor threshing. Preconditioning such lots to improve flowability or make other alterations
in the different components often make it possible to change the physical characteristics sufficiently to make essentially perfect separations
which were impossible without preconditioning .
If damaged seed are to be removed from the good seed they must be
damaged sufficiently to significantly alter one of the physical characteristics discussed. Minor differences, such as soybeans with cracked
seed coats, are not usually sufficient, although the surface texture is
altered. There are only two basic principles for separating seed. The
first is scientific knowledge and the second is common sense.
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DESIGN OF HIGH CAPACITY SEED PROCESSING PLANTS
Bill Wallace and George Dougherty11
Individual seed handling requirements vary widely, but there are
several points that should never be overlooked in designing a seed instal lation . The seed handling system must: (1) utilize methods and
equipment adequate to complete operations on time, (2) maintain seed
quality by preventing mechanical damage and contamination and (3) keep
the unit cost of handling seed low enough to be competitive.
Primarily due to the last point cited, i.e., competition, the emphasis in designing has shifted from low to high-capacity seed installations. Today, many seed installations are being designed to handle an
increasing volume of a fewer number of crops , frequently only one or two.
If more than one crop, all require similar, or relatively simple, seed
handling procedures. A rice-soybean seed installation is one example of
a compatable dual crop seed operation.
Examples of some seed handling systems being employed by Hi-capacity
soybean and rice seed processors are shown in figures 1, 2, 3, and 4.
Operations at a rice and/or soybean seed installation do not differ from
those at most seed installations . Seed are received, dried, processed
and either bagged or placed in bins for loading-out in bulk. Consequently, the handling systems shown are adaptable to a wide range of crop
kinds.
Recei ving and drying are critical operations. The seed handling system must be adequately sized and suffi ci ently flexible to to the job the
owner wants. A typical receiving, drying and storage seed handling system for rice and soyb~ans is shown in Figure 1. Upon arrival at the seed
facility, the truck is weighed and the seed is discharged into a custom
built driveway grain dump with attached shaker discharge spout. Shaker
pits of this type, for example the A.T. Ferrell ''Clipper" Vibro-Pit, are
preferred for installations where commodity damage must be avoided and
thorough clean-out is required . Shaker pits are available in many sizes.
Seed discharged from the shaker pit enter the main receiving elevator,
or if scalping is required the elevator feeding the scalper. Scalped
seed are fed into the receiving elevator which elevates them to the conveyor system over the drying bins. Elevators in the receiving area are
of the standard centrifugal belt-bucket type. They are high capacity
elevators designed to handle products gently.
1l Mr . Wallace is Sales Manager, Ferrell-Ross, Saginaw Michigan

and Mr. Dougherty is an Assistant Agronomist, Seed Technology Laboratory, Mississippi State University, Mississippi State, MS.
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Figure 1.

Typical seed rice and soybean drying and
storage facility.
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The seed drying facility consists of perforated flat-floor bins, a
bin-l oading conveyor system over the bins and a bin-unloading conveyor
system under the bins . Both systems use drag flight conveyors. Drag
flight conveyors should not be confused with a drag or cleat type.
In
a drag flight type, flights shaped to fit the contour of the "U 11 trough
are secured to a chain. The seed being conveyed is carried along the
bottom of the trough to the point of discharge. The non-metallic surface of the f li ghts prevent abrassive wear on trough metal and prevent
damage to the seed . Drag flight conveyors are known for easy product
handling, for being practically self cleaning and are easily inspected.
They are suited for multiple inlets and outlets. Power requirements
are low. Flight conveyors have wide application and capacities range
from 800 to 14,000 bushels per hour.
The 11 0verhead 11 bin-loading conveyor system consists of three conveyors, a reversible flow cross-conveyor and two single direction flow
conveyors, one over each line of bins. Each of these two conveyors have
10 discharge outlets, two for each bin. The double discharge outlet per
bin system is recommended for soybeans to reduce seed impact damage.
When loading a bin the discharge outlet nearest the bin side-wall is
opened first. This outl et i s connected by downspout to a bean ladder
inside the bin . Ladders are used to control the descent of the soybeans. After the bin is partially filled the second discharge outlet
gate is opened to complete bin loading. Lockout valves are instal l ed
under each conveyor discharge outlet to prevent contamination of the
seed in a bin by foreign materials in the event a discharge slide
gate is opened accidently.
The bin-unloading conveyor systems consists of four reversible
flow conveyors. Seed from any of the 10 bins can be conveyed to either
the receiving or the processing plant elevator.
The seed handling system shown in Figure 1 provides the owner with
a great deal of fl exibility . Some exampl es are:
1.
2.
3.
4.

seed, as it is received, can be pl aced in any of the
drying bins.
seed can be transferred from any bin to any other bin.
unprocessed seed, in storage , can be loaded-out in
bulk.
any bin can be utilized as a temporary storage area
for seed awaiting processing.

It is a rare occurance to find two seed processing plants alike,
even two plants processing the same crop. Examples of different
handling systems for rice and soybeans are shown in Figures 2 and 3.
Processing capacity of both plants is approximately 150 and 250 bushels
per hour, respectively, for rice and soybeans .
While not widely practiced in the industry, some seedsmen are
marketing unpackaged processed seed in truck-l oad lots. A seed handling system employing bulk load-out bins i s i l lustrated in Figure 2.
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Seed flow through this facility is relatively simple. Incoming dried
seed are placed in elevated, hoppered-bottom, bulk load-out bins. These
are dual purpose bins, when not being used to store incoming seed they
can be used to store processed seed awaiting shipment. From these bins
the uncleaned seed is conveyed, via the main receiving elevator, to the
Hi-capacity, spl it-flow, A.T. Ferrell Model G2248BD air-screen machine
for cleaning. If additional processing is not required the "cleaned"
seed is returned to the bulk load-out bins. If additional processing
i s required, "cleaned" soybeans a:re passed through the spiral separators,
~nd "cleaned" rice through the disc separators before being returned to
the bulk load-out bins . The soybeans are ready for shipment. The rice
is treated just prfor to· shipment.
A more conventional Southeast U.S. processing plant seed handling
system is illustrated in Figure 3. It differs from the sys tem in Figure
2 in that additional equipment is installed in the rice processing equipment line and, for marketing purposes, the processed seed is packaged in
bags. A typical Hi-capacity soybean processing seed handling system is
illustrated fn Figure 4.
A Hi-capacity seed facility will be costly to construct and equip.
Consequently, to protect against building what is commonly referred to as
a "White Elephant", consult with people who can give accurate answers.
There is no standard seed facility; the best design depends strictly on
what the owner wants to be a5le to do.
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Figure 4.

Hi-capacity seed soybean processing plant.
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CONDITONED STORAGE OF SEEo!f
James C. Delouche and G. Burns Welcn!f
An tncreasing number of ~ seedsmen are seriously looking into the
feasibility of adding conditioned storage units to their facilities.
This current interest in improvement of storage operations can probably
be attributed to several factors: (1) a higher overall price structure for seed with more favorable profit margins; (2) increased emphasis on seed quality, especially seed vigor; (3) production "short
falls" in recent years and which have greatly enhanced the value of
carry-over seed stocks; and (4) relatively unpredictable shifts in
crops and varieties among farmers resulting from changi ng commodity
prices and/or unfavorable climatic conditions during the planting season. These factors - and others - operate and interact to create a
rapidly shifting pattern of both marketing opportunities and problems.
Conditioned seed storage is one means by which seedsmen can take better
advantage of marketing opportunities, while, at the same time, minimizing problems and losses.
Purpose of Conditioned Storage
A condftioned or controlled seed storage unit is one within which
the temperature and/or relative humidity are maintained at specifi c
levels. The "unit'' can be as smal l and uncomplicated as a tin can, or
as large and complex as a refrigerated, dehumidified warehouse. Regardless of type or size, however, the basic purpose of conditioned
storage is the same: to increase the longevity of seed; or in more
practical terms, to mai ntain the germination and vigor of seed for some
specific period.
It has long been established that seed moisture content and temperat ure are the most important factors which influence germination and
vigor of the different seed kinds during the storage period. It is
also well known that there is a direct relationship between seed moisture content and ambient relative humidity. Seed are hygroscopic and
absorb moisture from the atmosphere or lose moisture until an equilibrium is established between the moisture content of the seed and the
relative humidity of the atmosphere (Tables 1 and 2). Because of the
relationship between seed moisture content and ambient relative humidity, control of relative humidity within a storage unit is essential ly
the same as control of seed moisture content.
1/This paper is based as a series of artic l es written for SEEDSMEN'S DIGEST, January-May, 1975, and later revised for publication in
the 1974 Proceedings and Reports of the Southern Seedsmen's Association .

~Dr . Delouche is Professor of Agronomy and Seed Technology at

Mississippi State University.
Engfneering, M.S.U.

Dr . Welch i s Professor of Agri cultural
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Table I. Moisture contenta of field crop aeed at equiUbrium with various levels of relative
humidity. (Approximately 77° F). Source: Seed Technology Laboratory.
Relative Humidity (%)
Kind
Alfalfa
Barley
Bermudagrass, Hulled
Buckwheat
Clover, Crimso n
Q ove r, Red
Co m, Field
Corn, Pop
Fescue, Tall
Flax
Lespedeza. Ko rean
Millet. Pearl
Peanut
RJee. Milled
Rye
Rye grass
Sorghum
Soybeans
Sudangrass
Sunflower
Timo thy
Vetch, Hairy
Wheat
Soft Red
Hard Red
White

15
6.0
6.7

6.4
6.8
4.4

2.6
6.8
7.0
6.4
4.3

6.3
6.4

30
6.4
8.4
8.1
9.1
7.0
7.2
8.4
8.5
8.4
5.6
7.2
8.5
4.2
9.0
8.7
7 .5
8.6
6.5
8.6
5. 1

45
7.4
10.0
9.2
10.8
8.6
8.2
10.5
9.8
9.8
6.3
8.2
9.8
5.6
10.7
10.5
10.0
10.5
7.4
10.1
6.5
9.5

60
8.6
12. 1
10.8
12.7
9.2
12.9
12.2
11.2
7.9
9.8
12.0
7.2
12.6
12.2
11.2
12.0
9.3
11.6
8.0
11.4

8.6
8.5
8.6

10.6
10.5
9.9

11.9
12.5
11 .6

75
13.0
14.4
13.6
15.0
13.5
13.2
14.8
13.6
13.3
10.0
13.5
13.7
9.8
14.4
14.8
13.8
15.2
13.1
13.2
10.0
13.6
13.0

90
18.0
19.5
17.2
19.1
19.6
18.4
19.1
18 .3
17 .I
15.2
18.6
17.0
13.0
18.1
20.6
17.0
18.8
18.8
18.8
15.0
17.2
19.0

14.6
14.6
15.0

19.7
19.7
19.7

100
26.8
24.5

23.8
23.0
21.4

23.6
26.7
21.9

25 .6
25.0
26.3

Table 2. Moisture content of vesetable aceds at equDibrium with leYela of relative humidity.
(Approximately 7r F). Source: Seed Technology Laboratory.
Relat ive Humidity (%)
KJnd

•

Broad
Uma
Snap
Beet, Carden
Cabbasc
Cabba~, Chinese
Carrol
Celery
Com. Sweet
Cucumber
Lettuce
Mustard, Leaf

Okra
Onion
Parsnip
.1'\la
~ppcr

IQdish
Spina\:h
Squash, Winter
Tomato
Turnip
Watermelon

10

20

30

45

60

75

4.2
4.6
3.0
2.1
3.2
2.4
4.5
5.8
3.8
2.6
2.8
1.8
3.8
4.6
5.0
5.4
2.8
2.6
4.6
3.0
3.2
2.6
3.0

5.8
6.6
4.8
4.0
4.6
3.4
S.9
7.0
5.8
4.3
4.2
3.2
7.2
6.8
6.1
7.3
4.5
3.8
6.5
4.3
5.0
4.0
4.8

7.2
7.7
6.8
5.8
5.4
4.6
6.8
7.8
7.0
5.6
5.1
4.6
8.3
8.0
7.0
8.6
6.0
5. 1
7.8
5.6
6.3
5. 1
6.1

9.3
9.2
9.4
7.6
6.4
6.3
7.9
9.0
9.0
7.1
5.9
6.3
10.0
9.5
8.2
10. 1
7.8
6.8
9.5
7.4
7.8
6.3
7.6

11.1
11.0
12.0
9.4
7.6
7.8
9.2
10.4
10.6
8.4
7. 1
7.8
11.2
11.2
9.5
11.9
9.2
8.3
11.1
9.0
9.2
7.4
8.8

14.5
13.8
15.0
11.2
9.6
9.4
11.6
12 .4
12.8
10. 1
9.6
9.4
13.1
13.4
11.2
15.0
11.0
10.2
13.2
10.8
11.1
9.0
10.4
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Although the importance of seed moisture content and temperature
in maintenance of seed germination qnd vigor is recognized in a
general w~ within the seed industry, there i s insufficient appreciation and understanding of just how critical these factors are in the
storage of seed. Many seedsmen just do not believe there is much difference between storage of seed at, say, 13 and 14% moisture, or 70°
or sooF.
Jim Harrington (University of California, Davis) advanced several
"rules of thumb" for seed storage about 15 years ago which couch the
relationshtps among seed moisture content, temperature and the storage
life of seed in very dramatic terms. These off-quoted "rules" state:
(1) the storage life of seed is doubled for each 1%decrease in moisture content; and (2) the storage life of seed is doubled for each
1QOF decrease in temperature. Since these rules were formulated many
workers have shown that they hold reasonably well for most kinds of
seed within the ranges of temperature and relative humidity (moisture
content) normally encountered in seed storage operations. When
Harrington's rules are considered and understood, the seedsman should
be better able to "grasp" the differences in storage of seed at 13 or
14% moisture, or 100 or 80°F. At the higher moisture content or temperature- other factors constant- seed will maintain germinati on and
vigor only half as l ong as they will at the lower levels .
A few other examples might also be useful in dramatizing the cri tical roles of seed moisture content and temperature in the storage of
seed. Several years ago we stored seed of Clark 63 soybeans at 9.0
and 11.2% moisture in sealed plastic bags in an unconditioned warehouse at Windfall, Indi ana. Germination of the 11.2% moi sture seed
began to rapidly decrease at 16 months and was only 10% after 40
months. The 9.0% moisture seed, however, sti ll germinated above 90%
when the study was terminated after 40 mo nths. In 1958 we hand harvested seed of the Lee variety of soybean for some mechanical damage
studies . Germination of the seed after hand threshing was 98%. Since
all the seed were not immediately used for the mechanical damage studies, the remainder was stored at 45oF and 50% relative humidity in
one of our cold rooms. Tlih 'past summer (1974.) the Lee soybean seed
"turned-up" and a germination test was made to see how they fared
during the 16 years storage. Al though vigor had obviously decreased
substantially, the seed still germinated 90%! Soybean seed were purposely used in these examples because they are classified as a poor
storer.
On the basis of voluminous research data and a host of practical
experiences, it is easy to demonstrate the technical feasibility of
maintaining seed germination and vigor by means of conditioned storage
units. Indeed, this aspect can be considered as fact. The difficulties arise i n connection with the determination of whether or not condittoned storage of seed is economically practical and feasi·ble. This
determination must be made by the management of individual seed operations on the basis of careful analysis of the many technical and economic factors involved.
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Economic and Operational Factors
The decision to invest in conditioned seed storage facilities
should be based on a careful analysis and consideration of several
factors.
Kinds of Seed to Be Stored, Their Value qnd Extent of Storage Losses
Even at the relatively hi9h current price levels for seed, the even
higher (and rising) costs of construction and power require a lot of accurate ftguring of costs and benefits to determine the economic feasibility of an investment in conditioned storage facilities for seed.
Items that need to be closely figured are: the prevailing prices of the
kinds of seed handled and their stability; the differential between seed
prices and the grain on other commodity value of the seed; the weight
per volume of the different seed kinds since costs of construction, conditioning and storage capacity will reflect storage volume rather than
weight of seed stored; the kinds of seed routinely treated with chemica l s which precludes any alternative market for them; the normal or projected inventory (volume) of seed; the average volume of seed carried
over by kind; and the extent of losses resulting from having to dispose
of seed in alternative markets,~.~., as grain , or dumping i n case of
treated seed. Consideration and analysis of the items mentioned and
other related ones should permit determination of the benefits that
would accrue from conditioned storage facilities.
Those kinds of seed for which the ratio of seed/grain (or other alternative market} price is high, yield the greatest benefits from conditioned storage. These include seed of hybrids, flowers , vegetable
crops, trees, forage legumes (alfalfa, clovers, etc.), lawn and turf
speci'es and varieties, and 11 speciality 11 crops (tobacco, peanuts, etc.).
Also included are 11 genetic 11 seed stocks , foundation seed of some kinds
and varieties, and some registered class seed depending on kind,
variety and pri ce. We do not imply that other kinds of seed such as
wheat, soybean and cotton seed should not be considered for conditioned
storage, but only that the "figuring" will have to be much closer to
justify the costs involved. For example, conditioned storage might be
profitable for reserve or projected carryover stocks of soybeans, wheat,
etc., but not for the total inventory.
All kinds of seed will be benefited by storage conditioned to the
proper level. Benefits from an operation or facility, however, add up
to profits only when they exceed the total costs of achieving them.
Therefore, factors that will influence the costs of conditioned storage
facilities must be given attention.
Length of the Storage Period
A storeroom can be conditioned to maintain seed germination and
vigor for 10-15 years or even longer, but construction and operattonal
costs will be very high. Seed storage of this quality, however, is
needed only fn a few situations,~.~., storage of breeding lines,
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genetic banks, etc. Since construction, equipping, maintenance and
operational costs are related to the level to which the storage environment is conditioned, hence, the period of storage, a decision on the
length of storage must be made early in planning.
fn most seed operations, conditioning of storage sufficient to
maintain germination and vigor for 18-20 months is sufficient. This
will provide good storage for seed from harvest to planting and then
until the second planting season after harvest for carry-over or reserve seed stocks. Expensive and valuable seed such as some foundation
seed stocks, vegetable and flower seed, etc., may require a storage
period of 4-5 years or longer.
Prevailing Climatic Condition in Area Where Seed Are to Be Stored
The mechanical equipment and power required to condition a seed
storeroom to a specified level are related to the reduction in temperature and humidity necessary to meet specified conditions. The cost of
operating a conditioned storage facility, therefore, will be less in
Minneapolis than tn Houston. Normally the air conditioning engineer
will analyze the prevailing climatic conditions and design accordingly.
Quality of Seed Stored
There is the rather persistent belief that the "pay-off" from conditioned storage is greater when seed quality is low than when it is
high. The economics of this aspect have not been examined critically,
but it is our opinion that in the long term, storage of high quality
seed in conditioned faci l ities will yield greater benefits (profits)
than storage of fair to low quality seed. Low quality seed do not
store well under any conditions (Table 3). Conditioned storage facilities will not - in the long run - compensate for poor management of
seed operations that result in low quality seed. Therefore, it is most
important that seedsmen contemplating insta l lation of conditioned storage units also review- and improve as necessary - all other quality
control procedures.
Quantity of Seed to Be Stored
We have already suggested that all seed handled do not have to be
stored in conditioned facilities at all times to reap substantial
financial benefits. The conditioned storage capacity needed can be
based on the total volume of expensive seeds, the projected or programmed volume of reserve or carry-over stocks for less expensive seed
kinds, or a combination of these. For example, a conditioned storage
unit might have sufficient capacity for all hybrid seed handled plus
enoug~ for a 15-20% expected carry-over of soybeans, wheat, etc. The
quantity of seed to be stored in conditioned storage, thus, the capacity of storage needed, will be largely determined from consi~erations
mentioned above .
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Table 3. Germination percentages of seed lots differing in quality
(viability/ vigor) after periods of storage at 4SOF. and 50% relati"ve
humidity .

KINO

LOT NUMBER

0

Years In Storage
1
2

Corn

27
36

99
97

100
97

99
90

98
87

Sorghum

23
30

90
89

90
88

92
80

90

Alfalfa

17
1

92
89

94
84

92
80

91
78

Lettuce

15
4

96
96

94
86

91
64

93
60

Onion

4
28

92
91

94
87

93
82

92
70

3
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Loss in Seed Weight Under low Humidity Storage
Several seedsmen who installed conditioned storage units were unpleasantly surprised by the loss in weight of seed during storage, sometimes to the extent that repackaging was necessary to meet weight specs.
When the average relative humidity in the conditioned storeroom is less
than the average relative humidity under "open" or normal warehouse conditions (as it should be), there is no escaping a loss in weight of the
seed stored. For example, if hybrid sorghum seed at 13%moisture are
placed in a storeroom conditioned to 40% relative humidity, the moisture content will gradually decrease to about 10%. This means that the
net weight of every 50 lbs. (original weight } of seed stored will decrease by approximately 1. 66 lbs. or 333 lbs. for every 10,000 lbs .
stored. The loss in weight, of course, results from a loss of water
and not dry ~tter. Nevertheless, the water lost could have been sold
at seed prices.
Once the feasibility of conditioned seed storage facilities is determined and benefits calculated, the next step is to obtain the services of an air conditioning engineer to estimate the factlity and
operational costs . The following section examines the information that
needs to be provided to an air conditioning engineer, and the several
alternative systems for conditioning seed store rooms.
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Technical Factors
The storage environment of seed can be conditioned by several
methods and/or systems. From an engineeri ng point of view the selection of a particular system will largely depend on the conditions specified, i.e., temperature and humidity levels, the type of construction
of the storeroom, and the ambient conditions.
The simplest method for conditioning the storage environment of
seed is to dry them to a moisture content in equilibrium with a relatively low relative humidity and then package them in a moisture vapor
proof container such as a sealed metal can, glass jar, plasti c bag, etc.
Moisture vapor proof packaging of seed is a very old method for conditioning one component of· the storage environment, viz., relative humidtty/moisture content. Presently, this system is widely used for vegetable and flower seed. Some of the "bags" used to package field crop
seed are also moisture vapor retardant.
The major limitations on use of moisture vapor proof packages for
storage of seed are cost, inconvenience in packaging and handling, and
the requirement that the seed have to be dried to a relatively low
level {9-10% for most field crop seed) to achieve the desired benefits.
The latter requirement is due to the fact that moisture vapor proof
packaging controls only relative humidity/moisture content. The packaged seed, of course, could be packaged at higher moisture contents
(11-13%) and stored in a cold room, but that would be rather costly.
For field crop seed which are handled in rather large volumes, the
room in which they are to be stored is usually conditioned. Conditioning of a storeroom for temperature and relative humidity requires removal of heat and moisture. These tasks can be accomplished efficiently
only in rooms which are specially constructed to retard moisture and
heat transfer between the exterior environments and the interior of the
storage room. Thus, one of the first considerations in designing conditioned storage facilities is the type of construction and, thus, the
quantity of heat and moisture {heat and moisture loads) that will have
to be removed to maintain the design conditions .
Moisture Load
In order to maintain relative humidity in a storeroom at a level
lower than the outside, moisture must be continuously removed from the
atmosphere at a rate equal to the rate of infiltration of excess moisture into the room, plus the rate of release of moisture from the seed
stored in the room as they come into equilibrium with the lower relative humidity. This moisture load must be calculated by the air conditioning engineer in order to determine the capacity of the dehumid ification system needed to maintain design conditions.
Matntenance of a relatively low humidity in a storeroom is greatly
enhanced by "tight" construction of the room with suitable materials
and incorporation of a moisture vapor barrier in the floor, walls and
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ceiling (Figures 1,2, and 3). Plastic film of at least 10 mil thickness, and aluminum foil paper-plastic laminated sheeting are excellent
vapor barriers. For rooms that are going to be conditioned only moderately, painting of concrete blocks with several coats of a good quality moisture retardant paint, or thorough sealing of the joints of
metal panels is generally s~tisfactory. The room should have a minimum
number of doors, and these should be carefully fitted and gasketed to
minimize moisture infiltration. There is no need for windows in a conditioned storeroom.
Regardless of how carefully construction is made and which moisture
vapor barrier materials are used, moisture will infiltrate into the
room, and the rate at which it will do so has to be calculated or estimated by the ai'r conditioning engineer (Table 4). Calculations of
moisture loads due to infiltration are complicated and involve many
subjective judgements on rate of moisture transfer through the walls,
floor, ceiling, the number of doors, frequency of door opening, how
long they remain open, and so on . Because of these uncertainties,
moisture loads due to infiltration are usually calculated on the high
side.
As mentioned previously, the rate of moisture release from the
seed stored in the room as they come into equilibrium with the lower
relative humidity is the other important component of the total moisture load. A dehumidified storeroom is a very inefficient dryer, but
as pointed out previously, seed moisture content will usually decrease
by 1-3%. This decrease in moisture content, hence, release of moisture into the room, will not take place during the first day of storage or even the first week. Rather, it will probably occur over a 60
to 90 day period.
Previously, in illustrating seed moisture loss during conditioned
storage, we used the example of hybrid sorghum seed decreasing in
moisture from 13% to 10% and calculated that 1.66 lbs. of water would
be lost from every 50 lbs. (original weight) of seed. Thus, in a conditioned storeroom with a capacity of 20,000 fifty-pound bags, 33,220
pounds (or pints) of water will be released in the conditioned storeroom during a 60-90 day period. The equipment used to maintain the
desired humidity, therefore, must be able to also take care of the
moisture lost from the seed. We should point out, however, that the
example used is rather extreme. General1y, the seed will be sufficiently dry before they are placed in the storeroom so that no more
than 1-2%moisture will be lost.
Heat Load
Maintenance of a storeroom temperature lower than the ambient conditton requires sufficient air cooling capacity to reduce the temperature of tne air and materials (including the seed) in tne room to the
design condition, and to maintain it at that level against heat transfer througn the walls, floor, and ceiling, as well as against the heat
released i'nto the room from dehumidification processes, motors, lights,
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and seed. Heat load estimates are always important, but they are
doubly so in the design of dehumidified storerooms. Dehumidification
(removal of moisture vapor from the atmosphere) is a heat- releasing
process and the temperature in a dehumidified storeroom will rise unless the heat released is compensated for by air cooling.
Air conditioning engineers seldom have much trouble calculating
heat loads. The heat load will depend on the construction materials,
the type and thickness of insulati on, the quantity of seed in the storeroom, its temperature at the time it is placed in storage, wattage of
lights, motors, and the pounds of moisture removed per hour by the dehumidification system.
Design of a conditioned storeroom involves specifications of the
materials to be used in construction and features such as moisture
vapor barriers and ins ulation that will reduce the heat and moisture
loads to economically minimal level s - an especially important consideration in these times of soaring power costs (see Figures 1,2, and 3).
Economic minimization of moisture and heat loads will, in turn, have a
great influence on selection of the types of air cooling and dehumidification systems for m~intenance of the design of temperature and relative humidtty.
Conditioning Systems
Conditioning of the environment in a seed storage room requires
air cooling, dehumidification, or both. The type and amount of air
Table 4. Approximate infiltration factors (air changes per hour) in
various types of construction.

Type of Building

Infiltration Factors
Minimum
Maximum

1.

Prefab, metal panels, normal
warehouse construction.

1.5

3.0

2.

Common commercial (office)
building.

0.5

1.5

3.

Concrete block or brick,
plastered and painted, concrete
floor, insulated ceil ing, one
entry-way.

0.2

0.3

4.

Concrete block, brick or metal
panels; with moisture vapor
barriers in floor, walls, and
ceiling; sheet or sprayed on
insulation; tight fitting
insulated doors .

0. 1

0. 2
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cooling and/or dehumidification are determined by the kind of seed , type
of construction, l ength of the storage period, and ambient conditi ons.
There are three major systems (plus some variations) , for conditi oni ng
a seed store room and each has its advantages and limitations. The three
major systems are: (1) "air conditi oning "; (2) refrige rati on with integral dehumidifi cation; and (3) refri geration coupled with desiccant
dehumidification .
Air Conditioning (Figure 4)
In our view the common air conditioning system as used in office
buildings and houses is too often overlooked as a means of conditioni~g
seed storage rooms . Progerly engineered systems of this type can maintain a temperature of 65 F and 55-60% relative humidity which is adequate for 12 to 20 months storage of most kinds of field crop seed .
The air conditioning engineer should sel ect and specify components and
a design for the system which have a "higher than normal" dehumidification capacity in order to achi'eve 55-60% r.h. and prevent "freeze-ups ".
The heat capacity of the seed stored in the room should also be ta ken
into consideration.
Although most buildings regardless of construction can be air conditioned, economic efficiency requires that they be reasona bly tightly
constructed, insula ted at least in the ceil ing when constructed of concrete, brick or concrete block, and insulated in both ceiling and walls
in the case of metal panel construction.
In the warm-humid areas of the South, i t is probably best to "air
condition" continuously . However, i n t he Mid-West and other areas with
cold winters, the air conditioning system can be "turned off" in the
fall when average ambient temperatures beg in t o drop bel ow 50°C and
then turned on again in the spring when average ambient temperature
rises above 55-60oF.
Refrigeration with Integral Dehumidifi cation (Figure 5)
Refrigeration systems are widely used for cold storage of many products: meat, furs , vegetables and fru it, potatoes, etc. In most cases
the conditions in a cold room are "cold and wet .. as they need to be for
the products cited. Because the usual environment in a cold room is
11
COld and wet" many refrigeration engineers have l ittle experience - if
any - in designing a refrigeration system which will ma intain "cold and
dry" (low humidity) conditions.
There i s usually little diffi culty in developi ng specifications
for a cold room conditioned for temperatures down to freezing or even
below freezing, e.g., heat loads, construction and insulation requirements and heat removal capacity. The problem usually arises in des igning for humidities lower than 60-65%.
A refrigeration system can maintain a temperature of 40°F and a
relative ~umidity of 40-45% when properly engineered.
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Dehumidification by a refriger~tion system ts accomplished when
the temperature of the air drawn ~cross the refrigeration coi l s during
cooling is reduced below the dew point. Moisture is condensed on the
coils, collected in a drip pan, and drained from the room through a
plastic or metal pfpe in a manner similar to the outside "drip" from a
window type air-conditioner. In highly conditioned rooms, e.g., 55°F
or less, the dew point of the air may be below freezing, thus, moisture
is condensed on the coils as frost or ice. The frost or ice wil l accumulate insulating the coils and reducing cooling capacity unless it is
periodically removed by defrosting. Defrosting is usually accomplished
at automatically timed intervals by activation of electric heating
strips on the coils or by reversal of the flow of hot discharge gas so
that it passes through the coil s.
Humidity control must be "built into" the coil design of a refrigeration system. For humidities below 50°F a minimum 200 to 25° temperature difference between room temperature and refrigeration suction
temperature should be maintained. One of the best methods for achieving low humidities at low temperatures i s "reheattng" . Reheating can
be accomplished by a strip heater or heating unit located in the air
discharge from the unit cooler and operated by a humidistat. The added
heat keeps the refrigerating compressor operating longer, thus, increasing its moisture removal capacity. The reheat method is a simple,
direct, easily maintained system, and not too expensive to operate if
the coil and compressor are properly designed.
Refrigeration with Desiccant Dehumidi fication (Figure 6)
Considering the difficulties in obtaining a properly designed refrigeration system with integral dehumidification, a refrigeration system coupled with a desiccant dehumidifier is a good alternative. The
refrigeration system reduces the temperature inside the room to the desired level and accomplishes such dehumidification as is within it~
design capability. The additional dehumidification necessary to
achieve the desired level is done by the desiccant dehumidification
system .
In desiccant dehumidification, air is drawn through or across a
bed of chemical desiccant which absorbs the moisture vapor (Figure 7).
The dry air is then blown back into the room. Since desiccants (commonly, silica gel) can absorb only a certain quantity of moisture, they
must .be periodically dehydrated (reactivated) by heating. This is
usually accomplished automatically by periodic activation of heaters in
the desiccant bed, or continuous heating in the case of rotating desiccant beds. Desiccant dehumidifiers are more efficient than refri'geration condensation systems at low temperatures and can maintain a relative humidity as low as 10%.
The capacity of the dehumidification system must be "matched" to
the cooling or refrigeration system, the type of construction, the desired level of relative humidity, and the moisture load. Most manufacturers of destccant dehumidifiers will determine the desiccant dehumi-
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Figure 7. Schematic diagram of a dual bed desiccant dehumidifier.

dification capacity required for a seed store room when provided with
the necessary data on temperature, relative humidity, heat and moisture
loads, construction, volume, quantity of seed stored, etc., so that the
moisture load can be calculated.
Dehumidification Alone
Dehumidification alone, i.e ., without cooling, has been used in
certain cases to prolong the storage life of seed. Dehumidification
alone is usuall~ most successful in climatic areas where temperature is
moderate (65-75 F.) but humidity is high (above 75%). In a situation
where relative humidity is high enough to support the active growth and
reproduction of storage mold, the reduction of relative humidity by 1015% (to below 65%) will improve storage conditions enormously even
though temperature might rise by 5-10 F. in the absence of cooling.
Use of dehumidification alone is also effective in minimizing increases in moisture content of seed in storage during periods of high
humidity such as during the rainy seasons in the fall and spring.
Two types of dehumidifiers are used in dehumidification only systems of conditioning. The most common type is the refrigeration or condensation type dehumidifier similar to the type frequently used to dehumidify basements. The other type is the desiccant dehumidifier as
previously described .
Tight construction of the storeroom improves the efficiency of dehumdification, but insulation is not necessary . Indeed, insulation
will only contribute to retention of the heat released during dehumidification .
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Management Consideration
Proper management of a conditioned storage facility for seed is
essential for realization of expected benefits . The investment in construction and equipment, and the cost of operating the facility are
simply too high for hip-pocket management.
Good management should begin immediately after the decision has
been made to establish a conditioned storage unit. The first management action should be to obtain the services of a qualified, ex~erienced air conditioning or refrigeration engineer.
Many "air conitioningA or "climate contra,.. companies have staff engineers whose
services are available as part of the sales/construction package. The
engineer or company selected should have experience with a wide range
of air conditioning systems and be able to point to a variety of successful installations (Figure 8}.
Other management decisions and actions prior to completion of the
facility and actual operation will be related to the type and quality
of construction, the type of conditioning system, and accessories. The
importance of good construction has already been emphasized. Skimping
on vapor barriers and insulation might reduce the capital investment,
but it will surely add substantially to operational costs. Likewise,
under-sizing of the conditioning equipment to reduce costs will usually
result in greater costs in the long run. The conditioning systems
should be designed to meet specifications under the most unfavorable
ambient conditions of temperature and relative humidity.
During the early stages of planning, management should carefully
consider the movement of seed into and out of the conditioned storeroom.
An insulated, gasketed .. standard .. refrigeration door 3 to 4 feet wide
will provide for good movement into and out of a small storeroom . For
large rooms, however, a door(s) of this type is simply not satisfactory.
In cases where seed are to be stored on pallets and moved by fork-lift,
electronically operated rolling doors or other similar types, with wellfitted seals and of sufficient width for ample clearance are necessary .
The economic benefits (profits) from a conditioned storage facility will be influenced by how efficiently the conditioned space is
utilized. For this reason, the dimensions of the storeroom should be
established on the basis of arrangement(s) of seed within the room
which will permit efficient load-in and shipping-out and also make
maximum utilization of space . Nothing could be more disconcerting than
to realize during the first loading of a conditioned storeroom that if
it were 10%wider, capacity could be increased by 30- 40%.
The number of conditioned seed storage units also needs to be considered during the early planning stage. When more than one level
of conditioning is required, one unit will obviously be insufficient .
Even in the case where only one level of conditioning is needed, subdivision of the storeroom into several smaller, independently controlled units might be advantageous. Although construction and equip-
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Figure 8. Interi or views of conditioned seed storerooms.
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ment costs are higher for multiple unit conditioned storerooms, the possibility of concentrating seed into one to several small rooms during
periods of low inventory with turn-off of other units not needed will
reduce operational costs - an important consideration in these times of
escalating costs .
Management should develop a plan for use of the facility prior to
the time it becomes operational. This plan should establish the kinds
of seed to be stored, a general schedule of load-in and shipping out,
stacking arrangements, policies concerning the use of lights and
opening doors, maintenance, etc. Maintenance shoJld include a daily
inspection of the facility and control equipment.
Since the purpose of conditioned storage is to control temperature
and relative humidity at levels which will permit maintenance of seed
quality for the period desired, a monitoring system for continuous recording of both temperature and relative humidity should be installed,
and the records should be kept on file for review as needed.
SUMMARY
Several points should be emphasized in summarizing this discussion
of conditioned storage for seed.
1. Conditioned storage facilities maintain seed quality for
periods longer than in open storage through control of temperature, relative humidity or both.
2. Conditioned storage is expensive; therefore, the decision
to invest in conditioned storage should be based on an economic
analysis of costs and benefits.
3. The level(s) of conditioning selected will be determined
by the kinds of seed to be stored and the period of storage.
4. The services of an experienced air-conditioning engineer
or company should be obtained early in planning - even during
the feasibility study phases.
5. The conditioned storage facility must be properly managed
to reap the expected benefits (profits).
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SEED STORAGE - BIOLOGICAL ASPECTS
Charles C. Baskin

11

Seed are living organisms. They must remain alive and in reasonably good condition if they are to produce the plants we want. This
then becomes the objective of storage, to maintain seed in a good physiological condition until it is planted in the field. Since seed are
alive, the many biological processes that maintain life are active in
seed. The environment in which the seed i s stored, the condition of the
seed at the time it is placed in this environment and the species are
the primary factors determining the length of time seed will remain
alive and in good condition. The environmental factors, moisture and
temperature have the most profound effect on the physiologi cal quality
of the seed because of their relationship to the biological processes
in the living tissue and to the organisms associated with the seed in
storage.
1

Seed reach ma ximum germination and a peak in quality when they reach
physiological maturity or when they reach maximum dry weight . From this
point on, the processes that lead to eventual death are active. We generally lump these processes together and call it deteri oration. Although, we know little about the causes of deterioration, we are able
to recognize and measure some of the effects, as well as recognize and
control some of the causes.
The end result of deterioration is death, the complete loss of
germination. However, seed may become virtually worthless for planting
long before death occurs. We generally refer to this decline as a loss
of vigor. Observable and/or measurable changes in seed as a result of
deterioration are reduced growth rate, increased permeability, a reduction in the level of activity of at least some enzymes, increased susceptibility to stress conditions both hot-wet and cold-wet, changes in
respiration, changes in food reserves or chemical changes, changes in
color, changes in the rate of synthesis of compounds, increases in chromosomal damage.
The sequence of the deteriorative changes are diagrammed in Figure
1. You will recognize some of the above as the basis of proposed vigor
tests. Reduced growth rate is the basi s for first count, speed of germination, root and shoot growth tests. Increased permeability, that allows more materials to leach out of seed, i s the basi s for measuring the
electrical conductivity or resi stance of water in which seeds have been
soaked. Changes in enzyme activity i s the basis of the tetrazolium test
and glutamic acid decarboxylase activity (GADA) tests. Cold test and
accelerated aging tests are based on increased susceptibility to stress
conditions. Free fat acidity changes are the results of changes in food
reserves.

1/ Dr. Baskin is Extension Seed and Grain Specialist at Mississippi
State and an adjunct Professor of Seed Technology .
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So, our ability to recognize and to some extent to measure the consequences of deterioration has been and will continue to be put to use
in attempts to more accurately measure the value of seed for planting
purposes .
Our aim is to keep deterioration to a minimum during the storage
period. To accomplish this we must begin the storage with the highest
quality seed possible. Since seed reach ma ximum quality at physiological maturity, we should allow seed to mature before harvesting. Not
often do we harvest immature seed but when we do we should at least recognize that seed harvested before reaching physiological maturity will
not be of the highest quality as was the case of much of the cottonseed
harvested in the Southeastern United States in 1974.
Deterioration begins shortly after a seed
mature. This means that the process begins in
are actually ready for mechanical harvest, and
be stored without drying. The adverse affects
quality of seed is common knowledge to most of

becomes physiologically
the field before the seed
certainly before they can
of field exposure on the
us.

The alternate wetting and drying of seed or raising and lowering
the moisture content has a detrimental affect on seed quality. From a
practical standpoint, seed should be harvested as soon as possible after
physiological maturity to keep field exposure to a minimum thus minimizing deterioration prior to storage. There are many variables that influence harvesting decisions; equipment for harvest, time of the year,
weather conditions, storage facilities and drying facilities to mention
a few.
The two environmental factors having the most influence on seed
quality in storage are relative humidity, which determines seed moisture
content, and temperature. Seed moisture content is more influential
than temperature. After a seed reaches physiological maturity, it begins to lose moisture . As the moisture content decreases, the rate of
biological activity declines. The desired moisture content for safe
storage depends on the species in question and the conditions under
which the seed are to be stored. For ordinary storage conditions where
temperature and relative humidity are not controlled and seed are not
to be stored for an extended period (i.e. from harvest to planting or at
most to a second planting season) a moisture content of 10 to 14 percent
is considered safe for seed of most species. If seed are to be stored
for extended periods, reduction of temperature and relative humidity
will be necessary . If seed are to be stored in moisture proof or sealed
containers, they must be 2 to 3 percent drier than for conventional
storage.
Moisture content is important for two reasons. As seed moisture
content increases, the level of biological activity increases thus increasing the rate of deterioration. If seed are stored above 12 to 14
percent moisture, fungi will be active. Insects will be active and reproduce. The activity of fungi and insects can lead to heating of seed,
thus further accelerating the deterioration process. Seed above 18 to
20% moisture will heat regardless of the presence of fungal activity,
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unless the temperature is kept quite low.
this moisture content is quite rapid.

Even then, deterioration at

The second problem concerning moisture content is getting seed too
dry . Excessive drying can cause physical or a "mechanical-type" damage ,
especially in seed like soybeans. Extreme desiccation can cause damage
to individual cells . It also can remove the protective layer of water
at the subcellular level causing chemical breakdown that results in a
loss of quality and viability.
As temperature increases the level of biological activity increases,
although the rate of deterioration due to temperature increases is not
as dramatic as it is when seed moisture content increases. Dry seed,
10 to 12 percent moisture, can withstand most conventional storage temperatures if they retain this moisture level. Still, lowering the temperature of the seed mass helps maintain quality or retard deterioration.
Seed mass temperature can be lowered rather easily by aeration where
harvest occurs in the fall and aerating can be done on cool, dry days.
Lowering seed mass temperature to around 50F to 55F is desirable. Periodic aeration throughout the storage period will not only keep temperatures in the desirable range but will also prevent moisture migration, thus keeping moisture evenly distributed throughout the seed mass.
This prevents moisture accumulation in areas of the stored seed. Moisture accumulation will cause an increased rate of deterioration and
could cause heating.
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SEED TREATMENTS FOR SMALL GRAINS
Kyle Rushing.!!
The role of seed treatments in controlling diseases and insects
has been an important factor responsible for the tremendous advances
made in crop production. Production of small grains and rtce~ as we
know it today~ would be unrealistic without the application of seed
treatment pesticides. Although we have made many technological advances, seed and seedling diseases annually account for millions of
dollars in losses . In our confrontation with increased production
costs and the conservation of our energy resources, our dependence on
seed treatment application is increasing .
Seed treatments are efficient and effective in controlling seedborne diseases and protecting the seed from seed rots, seedling
blights, and storage and soil insects. The benefits are so numerous
that it is easy to j ustify treating seed. It has often been said that
no other agricultural practice returns more for the investment than
seed protectants, because the producer is protecting his potential
crop so that the genetic potentials of the variety can be manifest to
their maximum.
In 1969~ the USDA decision to cancel the use of organic mercurials
as seed protectants proved to be significant legislation affecting the
seed industry. These materials performed dual activity by disinfecting and protecting the treated seed. The volatility of the mercurials made disinfection possible for seed parts, including unhulled.
accessory parts which could not be reached by powder or liquid formulations. Therefore~ external and some internal seed-borne diseases
were controlled. Due to low costs of these materials and low rates
required~ many chemical companies were not conducting research for
screening potential compounds for use as seed protectants. Therefore,
the seed industry had to shift, almost without warning to non-mercurial "protectants" which .required higher use rates and were considerably more expensive. Modifications of treating equipment also had to
be made~ since the effectiveness of these non-volatile protectants is
largely dependent upon complete seed coverage.
Small grains were perhaps affected more than any other crop, since
these had been highly dependent on the volatile mercurials as seed
protectants for controlling seed-borne diseases. There are basically
three types of seed-borne diseases commonly found on small grain and
may be grouped as follows:
.!!Mr. Rushing is a Field Representative for the Chevron Chemical
Company in Greenville, Mississippi.
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Seed Borne Diseases
I. Systemic diseases that infect the seed during the flowering
stage and become established within the resulting seed.
These i nclude the loose smuts of barley and wheat. Chemica l
treatments containing systemic fungicides are the only effective, registered means of control .
II. Systemic diseases that infect the seed during the harvest and/
or storage period which result in infection of the developing
seedlings following planting. These include bunt (stinking
smut) of wheat, loose kernel and covered kernel smuts of oats,
and head and kernel smuts of rye . Available treatment materials are quite effective in controlling these diseases.
III. Non-systemic diseases that infect the seed during the harvest
or storage period, which upon planting, attack the seed or
seedling to kill it before emergence, or produce a blighted
plant from which the di sease spreads to neighboring plants.
These include many Helminthosporium blotches or blights and
Fusarium scab or blight on barley, oats, rye, sorghum, and
wheat.
One may ask the question, "With all of the potential diseases ,
aren't all small grains treated?" The answer to this question is, "No. "
There are many factors involved which have influenced processors to
withdraw the serv ice of custom treating or treating at all. Some of
these reasons are:
I.

II ..

Approximately 60-70% of the total seed required for planting is
saved by the farmer and may or may not be cleaned at local elevators or processors.
The processor's viewpoint
(A) Investment in new equipment to handle the non-mercurial

treatments is too great.

(B) Facilities for handling or segregating treated and non-

treated seed are very expensive.

(C) Disposal of carry-over,treated seed is a problem and some-

times very costly.

(D) No competitive replacement for the organic mercuries.

The

cost of treatment materials is considered too high.
Presently it is estimated that only 50% of the small grains planted
are treated with a fungicidal material - either commercially applied or
by hopper box application. In 1974,an estimated 100 million acres were
planted in small grains and required approximately 150 million bushels
of planting seed.
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The percent of acreage for each crop i s :
Crop
Wheat
Oats
Barley
Rye

X Acres Planted
70

18
9

4

Through advanced technology and other events occurring presently
or in the near future, we shall see a dramatic increase in the use and
acceptance of seed treatments. I would like to speculate momentarily
on what I believe are and will in the near future become important
trends.
I.

Hybrid wheats and proprtetory varieties are becoming a reality and will have a tremendous influence in seed marketing.
(A) Farmers will have to re-establish their seed stocks each
year.
(B) Seed costs will be greater; therefore, farmers wi 11 require
and demand better quality seed permitting planting rates
to be reduced - a seed fully protected with a fungicidal
and insecticidal treatment will be desired.
(C) Seed treatment will benefit the companies with entries in
the various varietal testing programs to permit the genetic potentials to be exhibited to their fullest.
(D) Treatment will permit product identification with a particular company .

II.

The present market price of grains has made farmers more aware
of seed quality and vigor. Seed protectants enhance both of
these characteristics.

III.

Recent advances in seed treater applicators and chemical formulations will help solve many of the problems confronting
processors. These are:
(A) Auger treaters for both commercial and on-farm applications.
(1) Solve the problem of treated seed being carried over.
(2) Remove the possibility of contaminating food grains
with treated seed.
(3) Permit bulk handling of treated seed.
(B) Treaters attachable to both grain drills and planter units
will make it possible to accurately apply dust materials
to the seed during planting.
(C) Chemical companies are presently making available flowable
formulations of treatment combinations designed for
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specific protection needs - seedling blights, systemic diseases and soil insects. Hopper box treatments are also
being improved to include many of the same treatment combinations for added protection against specific problems.
Now that we have discussed wheat, oats, barley, and rye, I would
like to ta lk briefly about rice seed treatments. This crop has been
separated from the other small grains because of the complex productfon practices involved in rice farming.
In 1974, the rice acreage in the United States was approximately
2,400,000 acres and required approximately 7.5 million bushels of
planting seed. In January 1974, the rice allotment program was removed by congress. Therefore, acreage increases are occurring rapidly
in those states with land availabl e for production. Here in Mississipi, the rice acreage for 1975 will be approximately 150% the 1973
alloted acreage.
Because of the production practices and disease pressures on rice,
Two methods
of planting, rlrill-seeded and water seeded • expose the seed to two
totally different environments - each possessing distinct pathogenic
pressures. Seed rots and seedling blights of Helminthosporium,
Fusarium, and Rhizoctonia attack both drill and water seeded rice.
Water mold, Achyla is usually the predominate pathogen found in water
seeded rice. Anyone of these diseases can result in a drastic stand
reduction. Therefore, the seeding rates for both planting methods is
approximately 135 pounds or 3 bushels per acre; two to three times the
amount really needed to produce a satisfactory stand.
it is necessary to treat every bushel of planting seed.

The majority of the seed is commercia l ly treated, particularly in
the Southeast, but some larger producers and grower associations make
use of auger treaters located at the bin site. This rice is treated
while being with drawn from the bin and then conveyed to tanks where
the seed is soaked and pre-sprouted for water seeding and then flown
on the field. Pre-spouting the seed prevents the seed from floating
on the water surface and helps to establish uniform seed distribution
and stands.
Since the loss of the organic mercuries, the phenyl mercuries have
not proven as effective, therefore, the search for new rice treatments
has become a major project of many researchers and chemical companies.
The various production practices and many diciplines involved complicate the research required . Examples of variabl es involved are :
I. Fungicide, insecticide and herbicide interactions
II. Toxicity to fish, crayfish, tadpole, shrimp and birds
III. Varietial succeptability to phytotoxicity
IV. Geographic distribution of pathogens
The data required for seed treatment regi stration by the EPA has
increased, therefore, product registration is accomplished only after
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years of research and at a tremendous expense.
I suggest that you consider treating small grains. Treatment selection should be based on specific needs since many chemicals have
activity on only a few pathogens and/or insects. Treatment prices will
vary from ten cents to fifty cents per bushel. Therefore, only buy
the protection you need.
There are several registered products available for use on small
grains, and because of the vast geographical areas represented here
today, I would suggest consulting your state extension service for
treatment recommendations.
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SEED TREATMENT AND SOYBEAN QUALITY
D. B. Oesaill
The upsurge in acreage of soybeans (Glycine max (L . ) Merr.), has
periodically resulted in shortages of seed supplies,and the unavoidable use of low quality planting seed have served to stimulate interest in treatment of soybean seed with a fungicidal protectant as a
possible means of improving stands and yields in this crop. At present, only a relatively small proportion of soybean seed marketed are
treated because of the risk of financial loss to the seedsmen in that
once seed are treated with a protectant, they can be used only for
pl~nting purposes.
Numerous factors are reported to influence the efficiency of seed
protectants on soybeans. Among these factors are: air and soil temperature immediately after planting, planting rate, planting depth,
presence of soil-borne pathogens, and seed quality. In addition to
low germination, another problem with poor quality seed is that they
may carry microorganisms which attack the emerging seedling or infest
the soil.
Our study was conducted to determine the effects of fungicidal
seed treatments in soybeans on fie l d and laboratory performance as related to seed quality. Several commercial seed lots r epresenting various cultivars and quality level s were used in field and laboratory
experiments. Captan and Thiram were used for treating the seed.
Three field plantings were made in 1973 and 1974 as shown
fo11owtng table.
1973
Earl,l
Recommended
Midwestern Seed lots 1 to 18
seed lots:
collected from Mid18 May
western states were
planted.
Mississippi Seed lots 19 to 42
seed lots : collected from Mis2 May
18 May
sissippi were planted.
1974
Miss i ssippi Seed lots 1 to 20
27 April
seed lots: collected from Mis21 May
sissippi were planted.

in the
Late
13 July

13 July

16 July

1/Mr. Desai is a Ph.D. candidate in Agronomy-Seed Technology at
Mississippi State University. Or. Oel ouche is his Major Professor.
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Laboratory tests employed were: first-count germination, standard germination, cold test, accelerated aging, and seed health test
in 1973. In 1974 only the first-count and s tandard germination tests
were conducted.
The results of only two phases of our total study are
First, the interrelationships among seed quality, planting
seed treatment will be reviewed. Secondly, we will make a
ments concerning the results of the seed health evaluation

discussed.
date and
few comstudies.

Seed Qua l ity - Treatment Interrelationships
A comparison of field emergence percentages of treated and nontreated seed for the three planting dates revealed considerable differences. These differences in response to seed treatment among the
planting dates are striki ngly evident in the graphical representations
of mean emergence percentages of treated and non-treated seed within
ranges of standard germination percentages.
The greatest improvements in field emergence percentages attributable to seed treatment were obtained from the early date planting
in 1974 (April 27),when the mean soil temperature at a two inch depth
the first 7 days after planting was 68oF. Seed sampl es with germination percentages of 80% or less benefited most from seed t reatment in
both instances as shown in Figure 1.
Soil temperature had warmed up considerably by the time of the
recommended date plantings on May 18 and May 21 for 1973 and 1974, respectively. Although emergence percentages of the sampl es were consistently higher for treated seed, the i ncreases were not substantial
except for seed samp les with standard germination percentages of 60%
or less (Figure 2).
Maximum soil temperatures were generally between 90 and 100F, and
minimum temperatures between 75 and 80F during the period of the late
date plantings in both 1973 and 1974. In 1974, the moisture in the
seed bed was al so on the low side. The combined conditions of relatively dry soi l appeared to place a stress on the seed to the extent
that they were protected by treatment during the critical germination
stage. Improvements in emergence were not as great as for the early
date plantings but much greater than for the recommended date plantings (figure 3).
Results from the field tests indicated that stand establishment
was improved by treatment whenever seed bed conditions became unfavorable for germination and emergence and that improvements were greatest
when medium to poor quality seed had been planted.
Seed Health Evaluation Studies
Several workers have reported on the association of microorga ni sms
with soybean seed and their effect on germination of seed. These
microorganisms are more likely to be problems with seed of low vigor
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and can cause a considerable reduction in field emergence. Studies
on the effects of seed protectants on soybeans have produced varying
results . In some cases emergence percentage was increased but not
yield. In other cases, however, neither emergence nor yield was improved, regardless of the initial quality of seed.
Because of the variable, often contradictory, results obtained
from seed treatment studies and the economic gamble that seedsmen
take if they treat but can not sell soybean seed , we made an initial
effort to develop a method for predicting the potential benefits that
could be expected from applying a seed protectant fungicide to any
given lot of soybean seed.
Seed of the 42 l ots evaluated during 1973 were used in the seed
health studies . Sampl es of seed of each l ot were surface steri li zed
to eliminate contami nation from unknown sources. The seed were then
placed under conditions to promote rapid development of any existing
bacteria or fungi.
The percentage of the bacteria, Pseudomonas ~lycinea, on the 42
samples of soybeans ranged from 8 to 70% (Table 1 . The standard
l abo ratory germination of the seed varied from 20-93%, while the field
emergence was consistently l ower than the laboratory germination, 1585%. Fungi associated with seed played a very important role in germination and field emergence. The number of seed infested with fungi
in these lots of soybean seed ranged from 10-89%. The most commonly
isolated fungi were: Oiaporthe phaseolorum var. sojae, Cercospora
sp., Alternaria sp., Penici l lium sp., Aspergillus sp., and Fusari um
sp .
Correlation coefficients between occurrence of fungi and laboratory germi nation as wel l as field emergence were highly significant.
Internally seed-borne f ungi can lower seed quality when measured in
terms Qf laboratory germination and field emergence .
Analysis of the seed health test data did not reveal any more
efficient means of predicting or forecasting the beneficial effects of
seed treatment in field plantings than those presently known, which
are not s ufficiently acc urate. In view of the correlation between the
incidence of total fungi on both laboratory and field emergence, this
result was not unexpected. In a sense, therefore, the incidence of
total fungi in the soybean seed lots was correlated with germination
which, in turn, was correlated with field emergence of treated seed,
untreated seed, and the improvements in emergence due to treatment,
i.e., di'fference in emergence between treated and non-treated seed.
SuiiJTlary
The results obtained in these studies indicated that the greates t
benefit from seed treatment of soybea n seed are obtained when seed
quality is medium to poor, seed bed conditions are relatively unfavorable for germination and emergence, and especially when poor quality
seed are planted under unfavorabl e conditions. In terms of stand
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(18 May) and 1974 (21 May). (MW refers to Midwestern samples, MS refers to
Mississippi samples . )

~
......

1.0
N

~

I

Ill

Untreated
Treated (Thiram)

Q)

u
c

Q)

00

...
Q)

e:

(..IJ

"".
.-4

Q)

..;

(..I.,

a-<>

4

3

2
1

MS74
MS73
MW73
MS7 4
MS73
High Quality
Medium Quality
(81% Germ. or higher )
(61-80% Germ.)
% Standard Germination Range
Effect of seed treatment (Thiram) on mean emergence percentage of poor, medium, and
high quality soybean seed samples during late date plantings in 1973 (13 July) and
1974 (16 July). (MW refers to Midwestern samples, MS refers to Mississippi samples.)

MS73
MS7 4
Poor Quality
(60% Germ.or less)

MW73

Figure 3.

MW73

93
Table 1.

Percent occurence of Pseudomonas Slycinea and total fungi
in 42 lots of soybeans and the la oratory germination and
field emergence of these lots in 1973.

Lot

Pseudomonas
glycineaa

No.

%

1
2
3
4
5
6
7

Fungib
%

Laboratory
Germinati on

Average Field
Emergence

%

%

9
10
11
12
13
14
15
16
17
18

23
27
27
70
39
42
17
51
19
8
27
33
23
29
37
22
9
30

89
92
52
37
69
52
44
33
61
45
58
72
47
56
51
43
36
36

20
34
46
55
58
66
69
72
78
78
79
79
79
80
80
82
92
92

15
31
32
51
47
61
56
40
71
67
77
61
67
68
66
70
79
83

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

68
45
45
58
33
32
46
25
67
24
17
45
65
67
60
59
59
62
63
38
43
61
32

16
22
21
0
22
32
8
18
12
9
10
36
38
25
26
49
18
14
18
4
11
2
3

61
63
70
70
76
76
81
82
83
87
90
46
52
53
57
67
74
78
80
84
86
87
93

50
56
55
68
60
59
69
71
69
77
76
37
38
33
40
57
67
64
73
75
83
79
85

- . 19
-.51**

-.22
-.48**

8

!9------------~g-------------Is---------------sG----------------~s

Correlation
Coefficients:

P. glycinea
Fungi

~Blotter test incubated a!03SOC.
Agar test incubated at 25 C.
#Significant at 1% level of probability.
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establishment, seed treatment appears to be of little benefit to high
quality seed lots planted under conditions relatively favorable for
germination and emergence.
It would seem to be a desirable practice, therefore, to treat all
medium to low quality soybean seed lots to enhance their stand producing potential as much as possible. Certainly, these are the seed lots
most in need of protectton. A recommendation to this effect is not
li kely to be accepted by seedsmen. We recognize thatif soybean seed
are treated, the seedsman risks losing not only their value as seed but
also their "oil mill" va lue as a result of either the failure to sell
the seed or a decrease in germination percentage below the acceptable
marketing or seed law standards.
The risks involved in economic loss due to seed treatment are, of
course, increased in the case of low quality seed lots, for they are
most likely not to be sold, or to drop sharply in germination. Considering the rather limited margin of profit in the soybean seed business,
the economic risks inherent in seed treatment are, in most cases,
simply too great.
Recognizing the risks involved in treatment of soybean seed, an
increasing number of research and extension workers recommend the use
of planter box seed treatments even though they are not generally as
effective as those applied directly to the seed with specialized
equipment during the final stages of processing.
The many problems connected with treatment of soybean seed suggest several studies which could lead to significant developments.
Since planter box treatments are believed to be less effective than
direct seed treatments because of poor coverage, work should be undertaken to develop a practical inexpensive attachment for planter boxes
that would improve coverage or, ~lternatively, a farm-size treater
which would permit effective application of fungicides and other materials, t.e., insecticides, by the farmer himself before planting.
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Soybean Seed Size and Plant Performance
Clovis T. Wetzel

1!

We made a study using seed from three near-isogenic lines of soybeans differing genetically in average seed diameter to study relationships between seed size, physiological quality, and field performance.
Seed from each line were sized into classes differing by 0.4mm (1/64inch) i n diameter. The size ranges are shown in Table 1.
In the laboratory, seed-size responses to different quality tests
were evaluated. Seed of larger size classes exhibited signifi cantly
better viability t han those of smaller size classes . Evaluations of
vigor indicated that seed of the mean size class and larger did not differ significantly. However, seed more than two size cl asses smaller
than the mean were significantl* lower in vigor than the most vigorous
seed of the lot regardless of t e mean diameter or average weight/100
seed of the line. This can be visualized by observing the results presented in Table 2.
Results of the laboratory tests provided a good basis for predicting speed of emergence and stand establishment capabilities of seed of
various size classes within each line. However, comparisons among lines
were valid only when seed size was based upon its relation to seed of
the mean size of each l ot. This point may be clarified by looking at
the data in Table 3. There were no differences in the vigor ratings of
seed taken from the mean size class of each lot; however, when seed of
13/64-inch diameter from each lot are compared there was a great difference in their vigor ratings.
Growth factors studied in the f ield were seedling dry weight, leaflets per plant, plant stand, plant height, lodging and yield. A variety
yield trial revealed the medium seeded variety had a slightly better
yield capability than either the large or small seeded varieties.
The yields of the three lines when sub-divided into relative size
classes are presented in Table 4. There were no significant differences
in the yields of pure stands of the mean size class or among plots planted with seed 2/64-inch larger than the mean. On the other hand, pure
stands of seed 2/64-inch smaller than the mean produced signifi cantly
l ess than the mean in the large and small lines. Also note that the
seed from the small line that weighed 10 gm/100 seed yiel ded just as
well as those from the large line which weighed 25gm/100 seed and more
than those which weighed 14gm/100 seed. This is another indication that
specific seed size assumes importance only when the size characteristics
of the lot are described.

11 Mr. Wetzel is a Ph.D. candidate in Agronomy-Seed Technology at
Mississippi State University. Dr. H. C. Potts is his major professor .
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Table 1.
CLASS
Designation

21
20
19
18
17
16
15
14
13
12
11

10
9
8

Seed size class distribution by percent and 100 seed weights for three lines of soybeans.

SEED DIAMETER
(inch)
21/64
20/64
19/64
18/64
17/64
16/64
15/64
14/64
13/64
12/64
11/64
10/64
9/64
8/64

(mn)

8.33
7.94
7.54
7.14
6.75
6.35
5.95
5.56
5.16
4.76
4.37
3.97
3.57
3.18

LARGE-SEEDED LINE
Proportion
100of lot
seed
(%)
(g)
0.50
3.00
17.43
26.82
22.78
15.78
7.93
3.80
1.23
0.50
0.19
0.05
00
00

30.42
28.53
25.65
22.68
19.25
17.38
14.88
11.45
7. 77
4.22
3.43
2.52

-

-

MEDIUM-SEEDED LINE
Proportion
100of lot
seed
(%)
(g)

-

00
00
00
1.15
8.60
27.55
33.67
20.21
6.05
2.01
0.55
0.18
0.04

-

20.65
17.98
14.85
13.52
11.12
9.45
7.50
5. 07
3.55
2.43

SMALL-SEEDED LINE
Proportion
100of lot
seed
(%)
(g)
00
00
00
00
0.33
4.41
17.73
37.04
26.12
10.98
2.74
0.59
0.07
0.02

'

18.37
15.25
12.83
10.17
8.50
6.88
5.28
3.88
2.70
2.13

------------------- -- --------------------------------Mean seed size class (diameter)

17.21

15.07

13.69

Mean 100-seed wt.

20.62

13.62

8.78

Table 2. Eval uations of seed vigor of .seed of al l size classes of three lines of soybeans .

Seed
Si ze
Class

First
Count
(%)

-

21
20
19
18
17
16
15
14
13
12
11

10
9
8
Composite

91a1
92a
87a
83ab
80ab
69b
39c
29c
15d
5de
2de
13

-

85a

TZ
Energy
1-3
(%)
66a
68a
7la
64a
61ab
47bc
35cd
30d
15e
5e
3e
Oe

-

69a

Small-Seeded

Medium-Seeded

Large-Seeded
Ace.
Aging

First
Count

(%)

{%)

82.4a
92 . 1a
80.0a
82.4a
78.4a 2
39.2b
31. 2cd
38.4bc
22.4d
16. 8d
2.4e
O.Oe

-

93ab
95a
95a
91ab
83ab
79ab
29b
9c
4c
Oc

-

89a

-

TZ
Energy
1-3
{%)

Ace.
Aging

Fi rst
Count

(%)

(%)

TZ
Energy
1-3
(%)

82ab
89a
87ab
85ab
75b
53c
lld
12d
le
Oe

93.6a
88. 8a
92 . 0a
88.8a
68.8b
24.0c
14.4c
12.0c
O.Od
O.Od

95a
96a
95a
95a
94a
90a
84a
47b
19c
Sc

91a
93a
91a
85a
90a
84a
7lb
42c
19c
6c

9la

87a

-

Slab

-

-

Ace .
Aging
(%)

91.2ab
91.8ab
95 . 2a
91.2ab
87.2ab
66.4b
36.0c
16.0d
O.Oe

----------------------------------------------------13. 17%
11.92%
12. 17%
14.52%
12 .81%
14.05%
17.46%
23.32%
16.24%
c.v.
1Means wi thin each column not fol l owed by the same letter are significantly different at the 1% level of
probability as determined by DNMRT.
2Means underlined represent the mean size class of each l ine.

~
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Table 3.

Average seed vigor rating of seed from three lots of
soybeans (mean size seed vs. 13/64-inch diameter).

Seed Size

Vigor Rati ngl

Mean
L = 17/64
M = 15/64

287 a

s = 14/64

289 a

---- - ------- --- -- ------- ------ --- -13/64-inch
L

=

(x -

4/64)

63 c

r~

=

(x -

2/64)

169 b

s = (x - 1/64)

290 a

1Maximum = 300, based on 1st count, TZ energy 1-3, and accelerated
aging .
2Means within a column followed by the same letter do not differ
significantly at the 1% level of probability.
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Table 4.

Yield of soybeans grown from seed of the same relative
diameter from the large-, medium-, and smal l- seeded
lines of soybeans.

Treatment

Yield
bu/A
kg/ha

Line x Relative Size Class
diameter relative
(64th-in.) to mean
Large-seeded

Medium-seeded

Small-seeded

c.v .

19
17
15

x+

2

X
X -

2

17
15
13

-

x+

2

X
X -

-

2

16
14
12

-X

x+

2

X -

2

Wt/100
(g)

25.65
19. 25
14 . 88

38 . 5a
40.0a
34.2b

2627
2726
2329

17.98
13.52
9.45

41. 8a
40.3a
38.5a

2853
2750
2625

15.25
10.17
6.88

39.1a
38.2a
33.9b

2663
2603
2310

13.41%

Means not followed by the same letter are different at the 1% level
of probability as determined by the DNMRT.
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We were also interested in the possibility of upgrading seed lots
by processing. We compared yields of the composite lot of each of the
three lines with seed remaining in the lot after the seed of lesser
quality had been removed. The seed for this test were selected in the
manner shown in Table 5. The results of this yield test are given in
Table 6. As had been predicted two years earlier, there were no differences in yield. However, you should recall there were no significant
differences in the overall physiological quality of the three seed lots
evaluated.
The initial conclusions made from this study were as follow:
1.

Seed of different dimensions and weights are normally distributed within each seed lot, but the range in size and the mean
seed size varies from lot to lot.

2.

Seed of the mean size and larger will be higher in both viability and vigor than those seed more than 2/64-inch smaller
in diameter than the mean of the lot, when hand-threshed seed
are compared.

3.

The speed of emergence and initial stand establishment from the
larger seed of a lot will be superior to that of smaller seed
of the same lot when environmental conditions are near optimal.

4.

The average vigor level of the seed within a lot has a greater
influence on speed of emergence and initial stand establishment than does seed size per se.

5.

Plants produced by smaller seed of a lot lodge less than plants
produced from the larger seed.

6.

No consistent relationship exists between seed of the same dimension or similar in weight/100 seed and yield. Rather, when
a seed size-yield relationship exists, it is based upon seed
size as related to the mean of the lot in question.

7.

Removal of small, poor quality seed from a lot will not necessarily improve yield but will improve appearance of the seed.

This study is being continued but we believe these conclusions will
hold. Now that we know more about seed size we will start investigating
the sizing of soybean seed.

Table 5. Comparative data of seed-size classes removed from the seed lots of the three lines i n
Experiment 5.

Proportion of Seed
Lot
Pesignation

A

8

c
0
E
~ ---

Lar9e-seeded line:
Check
3 smallest
2 lar9es't
3 Slftallest &2 largest
6 seallest & 2 largest

c
0
E
~- --

A

8

c
0
E

Remaining

Removed

none
10, 11, 12
20, 21
10, 11, 12, 20, 21
10, 11, 12, 13, 14, 15, 20, 21

10 . 11, 12 , 13,
13,
10. 11 , 12, 13,
13,

Check
3 s~~~allest
2 largest
3 smallest &2 largest
5 smallest &2 largest

none
9, 10, 11
17. 18
9, 10, 11, 17, 18
9, 10, 11, 12, 13, 17, 18

9, 10, 11, 12.
12,
9, 10, 11, 12,
12.

Check
3 s~~~allest
2 largest
J sNllest & 2 largest
5 ~llest &2 l argest

none
8, 9, 10
16, 17
8, 9, 10, 16, 17
8, 9, 10, 11. 12, 16, 17

8, 9, 10 , 11,
11 ,
8, 9, 10 , 11,
11,

14,
14,
14,
14,

15,
15 .
15,
15,

{t:)

16,
16,
16,
16 ,
16,

17,
17,
17,
17.
17.

18,
18,
18 .
18,
18,

19, 20
19, 20
19
19
19

S)

(S)

13,
13,
13,
13,

14,
14 ,
14,
14,
14,

15,
15,
15,
15.
15,

15, 17, 18
16, 17, 18
16
16
16

Renaining
in lot
(" )

0.00
0. 74
0.00
0.74
13.70

0.00
0.00
3.50
3.50
3.50

100.00
0.00
0. 74· . 99.26
96.50
3.50
95.76
4.24
82.80
17.20

0.00
0. 77
0.00
0.77
8.83

0.00
0.00
9.75
9. 75
9.75

0.00
0.77
9.75
10.52
18.58

100.00
99.23
90.25
89.48
81.42

0.00
0.68
0.00
0.68
14.40

0.00
0.00
4.74
4.74
4.74

0.00
0.68
4.74
5.42
19 . 14

100.00
99.32
95.26
94.58
80.86

---- - -- -- -- -- -- - ---- --- ---- ---- ------- --- ---------- -----------Med
seeded line :
i liD-

A
8

Removed from the lot
Smallest Lar9es t Total
seed
serd

Size Classes
lot
Description

- - ---

- -- - - --------- - - ---- ------ --- ------- -- -- ---- ------ -- ------------Small-seeded line:
12,
12,
12 ,
12,

13,
13,
13,
13,
13 ,

14 ,
14 ,
14,
14,
14,

15 , 16, 17
15, 16, 17
15
15
15

......
0
......
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Table 6.

Yields of soybeans grown from seed lots formed by removal
of selected seed size classes of the large-, medium-, and
small-seeded lines.
Yield

Treatments

Bu/A

Kg/ha

A (check - none)

43.2 a

2944

B (3 sma 11 est)

42.7 a

2912

c

46.6 a

3168

smallest & 2 largest)

44.5 a

3035

E (5 or 6 smallest & 2 largest)

43.3 a

2955

Lots:

Size classes removed

(2 largest)

0 (3

c. v.

12.20%

Means not followed by the same letter are significantly different
at the 1% level of probability as determined by DNMRT.
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QUALITY CONTROL!/
James C. Delouchefi
The timely and proper application of sound management practices
in the various phases of the seed business is essential for success.
The time is now past when manag~ment could concet·n itself exclusively
with buying, selling, bill collecting and shipping, while leaving the
technical operations entirely in the hands of hourly-wage employees.
Technical expertise, experience, facilities, are also essential to
the successful operation of a seed business, but al one they are not
sufficient. They must be integrated and "put-to-use" by management,
and directed toward the basic concern of any supply business - consumer satisfaction.
One of the most powerful management techniques in the seed business is quality control. Unfortunately, it is often considered as
something ~eyond the resources of all except the very largest seed
companies. This attitude apparently derives from the association of
qual ity control with the corporate giants in the manufacturing field .
While quality control is a sophisticated management technique, it is
equally available and applicable in the most modest seed business.
In the seed industry, quality control has three important aspects.
These are:
1.
2.
3.

Establishment of minimum acceptable seed standards .
Formulation and implementation of a system and procedures for
exceeding the established quality standards, and maintenance
of same.
A systematic approach to identification of causes of quality
problems and their resolution.

The idea of high quality and the concept (and application) of
quality control must permeate all phases of the seed business and not
just be restricted to a momentary curiosity and a few routine tests
after the seed are in storage or marketing channels. Concern about
seed quality and actions to insure that standards are achieved and
maintained begins with selection of seed for planting, extend through
production, harvesting, drying, processing, storage and distribution,
and end only with satisfactory performance of the seed in the farmer's
field.
Quality control techniques are not unfamiliar to seed producers
and seedsmen. General ly, however, they are randoml y applied and uncoordinated . Some things are done routinely and well. Others are left
!/This paper is based on a series of articles published in SEEDSMEH'S DIGEST in 1969.

~Dr. Delouche is Professor of Agronomy and Seed Technology, MSU.
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undone. Poor quality seed is most often the result of something that
was not done or no t done properly. Quality control integrates random
and uncoordinated activities that are directed toward achievement of
quality standards into a comprehensive, systematic and continuing
effort. It does not permit vital operations or procedures to be accompli shed or unaccomplished by chance or the whims of employees.
Quality control is concern about quality and attention to the
various operations involved in the seed business. The procedures used
in quality control range from simple, such as spot control of dodder
in a clover seed field, to the complex, such as complete redesign of
a handling and conveying system to minimize seed injury. Quality control seeks to prevent problems or when they are unpreventable, to minimize their effect. The most effective solution of a seed quality problem i s always its prevention .
What is Seed Quality?
Most seedsmen have a rather defin ite concept of seed quality. However, their concept is often not sufficientl y broad to encompass all the
important attributes or aspects of quality. The concept of seed quality
to far too many seedsmen simply means,"that which can be gotten by with ."
Seed quality comprises many attributes or characteristics of seed.
In terms of individual seed, these characteristics include trueness-tovariety, viability, vigor, mechanical damage, disease infection, treatment coverage, size and appearance. Extended to the population of seed
that makes up a lot, quality characteristics include moisture content,
storage potential, incidence of contaminants (weed and other crop seed,
inert matter), uniformity of the lot, and performance potential. Highest
quality seed are genetically pure, germinable, vigorous, undamaged, free
from contaminants and diseases, properly sized (when necessary), adequately treated (for kinds that are treated) and of over-all good appearance. This ideal of quality is seldom achieved . Few seed lots meet al l
"ideal specifications." For this reason, minimum quality standards are
established in most seed operations. These minimum standards are not a
~- the goal is always highest quality - but represents the lowest
leVels of the various quality characteristics that are acceptable.
Seed quality is important and it is becoming mo re important. The
progressive seedsmen uses quality as a competitive technique just as he
uses price and service. Quality fosters customer appeal, helps the seedsmen to develop a positive reputation (or good image ), and results in satisfied customers and repeat business.
The Games Seedsmen Play
The attitude of management is the key factor in developing an effective quality control program. It is impossible to establish any sort of
quality control program unless management is committed to certain quality
standards. And, thi.s commitment must be serious and consistent. All too
often, management becomes gravely concerned about quality only when very
serious problems arise and complaints are numerous, or when it is other-

105

wise convenient. As things smooth out or as the season ends , the concern vanishes, the problems are forgotten, and the next season gets
underway in the same old manner.
A willingness to "just get by" is perhaps the real cause of most
seed quality problems and attendent complai nts. Getting by is one of
the games that seedsmen play. Although, it takes many forms, the
seedsman is always the protagonist and the seed analyst, seed control
official, and certification inspectors are bit players.
One game is called "shopping ". Samples are sent to various laboratories until the desired results (usually the highest) are obtained.
These results are then used as a basis for labeling. Another, is a
version of the old "now you see it, now you don't" game. A sample is
sent to a laboratory for both germination and purity analysis . If
germination i s good and purity is not, then the laboratory gets
another sample for germ. Resamples, however, are sent for purity EDll
until by chance one turns out good. There are many variations of this
game depending on which quality factor shows up low. Still another
game might be ca lled "divide and conquer". A seedsman has 500 bushels
of wheat seed. A sample is sent to the laboratory and the results
show good germ and purity but excessive noxious weed seed. The lot is
divided into two 250 bag lots, and two samples are sent for tests .
The results of the tests might show that in one of the samples the
noxious weed seed is within permissible limits, while in the other it
is sti ll excessive. The half of the lot that has the good test is
labeled, while the other half with the bad test is divided again, and
so on, until as much of the lot "passes" as possible. Many other
games could be described.
We have referred to the above procedures used by some seedsmen
as "games 11 , but they're not usually intended as such. Most of the
seedsmen who use such procedures do so in good faith. They have the
idea that if ~ test indicates that the seed are of reasonably good
quality then tney must be of good quality - regardless of test results from other labs that indicate variable or low quality. This is
a natural reaction -most of us want to believe the best things even seed. Yet, the variability inherent in sampling and testing
must be recognized and appreciated. If 10 germination tests of a lot
of seed average 75%, the odds are good that at least one of the 10
tests will show a germ above 80%. And, if enough tests are made, one
will probably give a 90% germ. The average germ, however, will stil l
be about 75%.
During many years I've been associated with the Mississippi
State Seed Testing Laboratory, over 200,000 sampl es have been tested
and we've been taken to task by seedsmen literal ly hundreds of times
for reporting "low" test results. In only one case, however, have
we received a complaint about our test results being too high. Seed
testing laboratories do make mistakes and their interpretations do
get out of joint wtth those of other laboratories. Seedsmen should
keep them on their toes. However, if two laboratories test different
samples from the same lot and one finds 500 dodder seed , while the
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other finds only 200, the test g1v1ng the low count is not always
correct. The dodder count is probably somewhere in between - about
350/lb. A similar situation might pertain when germi nation test
results differ widely among laboratories .
We have spent some time discussi ng the philosophy of "getting
by'' because it is one of the first things that has to go before a
quality control program can be installed. Since most seedsmen will
have to depend on a seed testing laboratory for the information
needed to make the quality control program go, an understanding of
the nature of seed testing results is also important. Most laboratories simply report results, they do not comment or interpret test results. This must be done by the person in the company responsible
for quality control.
The quality control program is based largely on inspections,
timely and scheduled sampling, testing and interpretation of test
results. Managerial decisions relative to disposition of seed lots,
over-hauling of physical facilities to minimize quality problems,
modification of procedures, etc., can then be taken from an enlightened perspective.
Standard Procedures
Retirement of the "getting by" philosophy and a new or renewed
determination by management to produce, package, and market high quality is the basic requisite for a quality control program. But, determination and motivation - as important as they are - are simply
not enough. They must be coupled with know-how, organization, and a
wfllingness to sacrifice some short term gains for long term growth
and development . A quality control program is not for the dabbler
or even the pure trader in seed. Rather, it is for the seedsmen who
actively participate in the production, proces sing and marketing of
seed and who lays his reputation on the line each time he sells to a
processor, wholesaler, retailer or directly to the farmer.
The first step in quality control is establishment of minimum
standards for the seed handled by the company. These standards must
encompass all the major quality attributes of seed: variety, trueness-to variety, other crop seed, weed seed, inert material, germination percentage, physical condition and appearance, treatment, vigor,
etc. It really boils down to this question: what kind and quality
of seed do you want to be associated with your company's name?
For illustration, assume that the company is moderate in size
and specializes in the production, processing, and marketing of soybean seed. Minimum standards might be established as follows: {1)
only recommended varieties produced; {2) varietal purity, not more
than 2 off type or other variety seed per lb.; {3) pure seed, 98%
(or not more than 1.5% inert); {4) weed seed, none; {5) germination,
85%; {6) splits and broken seed {fragments missing), 2%; {7) cracked
or ruptured seed coats, 5%; {8) shriveled and very small seed, discarded; {9) soil particles, none; and {10) appearance, all seed
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QUALITY CONTROL BEGINS IN THE FIELD ... .
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. . . .. .... INVOLVES DIFFERENT KINDS OF TESTS FOR QUALITY . ..
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.. .. REQUIRES QUALITY FACILITIES AND PEOPLE, AND CONTINUOUS
LEARNING .. . . . . .
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processed over a spiral to remove misshapen seed (and soil particles,
splits, badly broken seed , etc.).
How are these standards goi ng to be met or, since they are minimum standards, even higher standards achieved? Obviously , an organized effort, educational program, and timely sampling and testing
will be required. Someone in the company has to be responsible for
the various activities that make up quality control. And, he has to
know the things that must be done if the seeds are to meet the established standards.
Production is organized and contract growers are carefully selected on the basis of uniformity and cleanliness of l and, type and
condition of equipment, attitude (progressive or non-progressive},
knowledge and appreciation of modern production practices, available
labor, and so on. Seed production is important. Indeed, it is the
first and most important consideration in a quality control program.
There is much truth in the old adage, "you can't make a silk purse
out of a sow's ear . " If the contract grower delivers damaged,
trashy, low quality seed to the plant, then more often than not, damaged, l ow quality seed will leave the plant. The cleaning plant is
not the place to "create" quality, it ca n only enhance and refine
what is already there. Yet , many seed plants are more often engaged
in salvage operations than in dressing up an already high quality
product . I am acquainted with a soybean seed producer who takes
great pride that his seed usually meet minimum certification standards without cleaning, and he should be proud. I also remember another grower who had produced some cowpea seed, banged them up thoroughly during harvesting and ended up with 5% inert matter. Since
this was too high, he started recleaning . . . and recleaning, and by
the time he got through, germination was below 30% and inert matter
was 22%.
Contract growers must be advi sed throughout the production cycle.
Recommended cultural, weed and insect control practices shou ld be
followed. The fields should be checked several times during the
growing season by the production supervisor for t he company and/or
quality control specialist. A thorough inspection just before harvest is critical. It is at this time that off-types , other varieties, weeds, and other crop plants can be best detected and most
effectively rogued. Harvesting equipment, truck beds, wagons, and
bins should also be inspected for cleanl iness at this time.
The timing of harvest of a seed crop i s very important. Considerable damage can result from harvesting when the seeds are too high
or too low in moisture. The operation and adjustment of the combi ne
are also important. The grower should be advi sed on cylinder speed
and clearance settings and taught how to determine when changes in
settings are needed by visual inspection of the harvest seed. Instruction and advice on the handling of the harvested seed (unloading
into bins, etc.) to minimize injury and on aeration or drying procedures should also be given to the grower.
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The grower will ge nerally do a good job if he has suitable equipment, is properly advised and instructed, has the right attitude, and
is provided with sufficient incentive (contract price) to j ustify the
extra effort and greater care req uired to produce quality seed.
Sampling and Testing
Sampling and testing during the production phase are not neglected. Several pounds of pods can be gathered at the time of the
pre-harvest inspection and hand threshed. Moisture content can be
determined and the seed stored for ref erence in ca se problems arise
l ater. The hand harvested seed should be highest in quality . Additional sampl es should be taken for moi sture test as the seed are
loaded into the bin so that aeration or drying needs can be determined , and for germination tests and vi sual examination for mechanical damage. Remnant seed should be filed for future ref erence
as needed.
The seed shoul d usually be sampled again before process ing (assumi ng that some time elapses between harvesting and processing) and
after processing (just before bagging or after bagging) . The latter
sample will us uall y be the sampl e tested to obtain information needed
for labeling purposes.
Adequate records and timely sampl ing and testing procedures are
the key elements in a quality control program for seed or any other
commodity. The results of tests made at various stages provide information needed to identify both chronic and acute problem areas.
Si nce i dentification of the problem i s requisite for a satisfactory
solut ion, progress in improvement of quality can only be achieved by
knowledge of how quality is decreased.
Very often serious problems or deficiencies in seed qual ity become evident only during the marketing phase - causing direct financial loss, damage to reputation, and much valuable time spent on
aost-mortems. Post-mortems are necessary when a problem arises to
etermine its probabl e cause. Indeed, a business that does not postmortem compl aints or problems wi ll not be a business for long. This
procedure can be very effecti ve in getting to the root of the problem, provided a corpse(s) and suitable tools for the autopsy are
available. Usually, however, only a sampl e from the "compla int" lot
and the file sample required by law are available. Examination of
these samples will generally reveal - if everything was on the up
and up- that there is a difference in one or more specific quality
factors between the "complaint" sample and the file sampl e. Most
often, however, the reason for or cause of the difference(s) cannot
be determined or i dentified.
Let us look at two specific problems. First, consider the problem arising when a complaint is made by a farmer or fi l ed by a seed
control official that a l ot of wheat offered for sale was a mixture
of varieties, whereas it was represented to be essentially pure
Variety X. On post-mortem, two situations can arise: (1) examination
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or testing of the file sample shows that it too is not pure, or (2)
the file sample can be pure as labeled. In the first situation, the
seedsmen either did not (a) use pure seed for planting and failed to
rogue, (b) carelessly mixed the seed in combin ing, binning or processing, or (c) accepted someone's word that the seed was of Variety
X. He cannot determine the cause of the mixture more specifically
unless he has ample records on land history, seed source , field inspection, roguin9, and processing, and samples of the seed planted
(original source), the seed just before harvest, after harvest and
after each subsequent operation. If he does have these records and
samples, then the cause of the problem can probably be determined and
corrective actions taken.
When the other situation prevails (i.e., the file sample is pure
but the complaint sample is not) the problem area is rather easily
identified . The mixture most likely resulted from errors in tagging
(a few bags of another variety got mixed in with the lot}, assuming
there was no chicanery on the complaint end.
Another problem: A seedsman or planter sends a large lot of
cotton seed to a custom delinter for delinting and treating in
February. After delivery of the delinted, treated seed, he s ubmits
a sample for testing and results come back indicating 57% germination.
He has in hi s records results of a test made by the same laboratory
in late October showing 84% germination and requests that the delinter make good on the seed that he (the delinter) has ruined. A
casual consideration might suggest that the delinter did indeed ruin
the seed. But, did he? This question cannot be answered unless a
portion of the original lot was not delinted or a sample taken just
before delinting is on file. When a file sample taken just before
delinting and treating is available, then an analysis will indicate
if the seed or the delinter is at fault. Furthermore, if delinting
was detrimental to the seed, examination of the sample will often indicate why that particular lot was injured and others not - high incidence of mechanical damage, low vigor, etc.
Sampling after each operation in seed harvesting and processing
does take time and space, but it is essential to any quality control
program. As previously discussed, tests need not be made on each
sample . Many of the samples are s imply filed away so that they will
be available when needed to post-mortem problems and identify problem
areas . After the lot is marketed and the "complaint" season is past,
the sampl es can be discarded with the exception of the file sample
required as part of the lot record by the various seed laws.
Some tests, of course, should be made on the sampl es drawn after
the various stages in harvesting and processing. Time of harvest
should be determined by mo i sture test insofar as the weather permits.
Knowledge of seed moisture content at harvest permits proper adjustment of the combine, and effective handling, drying and storage of
harvested seed. Analysis of the seed after harvest will indicate
whether the seed are of sufficiently high quality to keep as seed and
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the most efficient processing and cleaning procedures for bringing
the seed to their highest quality level. When the seed are stored
for a relatively long period of time before proces sing (1 to 2 months
or longer) , another test just before proces sing is desirable to detect any change in quality of the seed that might cause it to drop
below an acceptable level.
Quality control also encompasses inspections and examinations
other than those made on systematically drawn samples. Periodic,
visual inspection of the seed during combi ning will often indicate
that adjustments have to be made to prevent excessive seed loss or to
reduce mechanical damage. Similar examinations during processing can
detect malfunction of equipment or reveal the need for modification
of procedures used.
Quality control is constant concern about quality and attention
to the various operations and procedures that affect quality favorably
or adversely. When these traits are instilled in all employees, quality problems might not all be prevented, but they will surely be
minimized. And, the seedsmen won't be faced with the same set of
problems each season.
Application of Quality Control Procedures
We have considered what quality control is, what quality control
is not, the importance of timely sampl i ng and testing in the quality
control program, and the benefits and uses of a quality control in a
seed business. These have a been general discussions and not directly
applied to the production, processing, and storage of a specific seed.
The emphasis in thi s section is on application of the quality control
philosophy and techniques to a specific kind of seed.
Soybean seed production and sa les have increased dramatically in
the past 15 years. The number of farmers savi ng their own seed decreases each year, so the market potential sti ll looks very good.
The modest quality control program outlined below for soybeans is
generally applicable to other kinds of seed, particularly the nonhybrids .
1. Seed Source: The varietal purity of a seed crop cannot be
better than that of the seed planted - but it can be worse. Use of
varietally pure, weed free seed is the first step in quality control.
If the seed are to be certified, then seed source is specified (as to
class) and checked by the certification agency . When non-certified
seed are produced, use of purple or blue tag seed for planti ng is one
of the best ways of ensuring varietal purity.
2. Land: The land used for seed production should be fertile,
well drainea-and reasonably free of weeds - at least those weeds whose
seeds are difficult to separate from soybeans. The land ought not to
have been planted to a different variety of soybeans the previous year,
their is always the danger of volunteers. In situations where a planti'ng has to be on land grown to another variety the previous year, the
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land should be worked several times before planting so that volunteers
will germinate and be destroyed.
3. Planting: Planters should be cleaned before filling, and
planting scheduled so that only one variety i s planted each day. When
more than one variety is planted in different fields on the same day,
one or two sacks can easily be unloaded at the wrong site. Seed
should be inoculated. Save a 1 to 2 pound sample of the seed planted
for the record.
4. Isolation: The distance between varieties should be at least
the distance specified for certified seed, even if non-certified seed
are to be produced.
5. Cultural Practices: Good cultural practices - including weed
control - are necessary. Use practices recommended for good commercial soybean production.
6. Field Inspection: The person responsible for quality control
or the production supervisor should inspect the field several times:
after emergence to determine how good a stand was obtained, during the
early growing season to check on weed control and progress of the
beans, at f lowering time to check on varietal purity, and then just before harvest to check on variety purity, presence of troublesome weeds,
and do fi nal roguing.
7. Harvesting: Combines should be thoroughly cleaned and inspected before harvest. Harvest date (as possible) should be determined by
moisture content. Try to harvest when moisture content first drops to
13-14%. When the beans dry so fast that they drop all the way to 1012% before they can be harvested, harvest during the morning and late
afternoon, skipp ing the 1-4 p.m. period. Take a sample of hand harvested beans and save as a check on subsequent operations. Set cylinder
speed so that field losses are minimized, the seed are well threshed,
but damage i s minimized. Check the combi ned seed periodically to determine H further adjustments need to be made as the day progresses.
Draw samples of the threshed seed periodically, for moisture content
determination, and the files. Avoid augers in l oading or unloading
into bulk storage bins. Be sure conveyors, trailers, etc., are clean.
8. Bulk Storage: After harvest place seed in clean bulk storage. Aerate if moisture content is above 13-14%. It is good practice
to aerate for a time even when moi sture content is 12% or less to remove 11 field heat ... Draw samples from bulk storage after aeration,
send half of the sample to a laboratory for purity analysis and germination test (or make the tests yourself). On basis of test results
determine whether beans are up to your standards and suitable for seed,
and plan processing procedures on basis of what needs to be removed.
9. Processing: Clean and inspect all conveyors and processing
equi,pment for contaminants. Set-up and adjust equipment so that material that must be removed can be removed. Check during cleani ng to
determine that seed are being cleaned to standards. Use spiral
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separators to improve appearance of seed and remove soil particles and
the last few splits. Send a sample to laboratory for analysis for
purity and germi nation. Use the results for labeling or to varify
labeling. Retai n a 2 l b. sample for record. Estimate lot size as accurately as possible and then check by estimating discard, number of
bags, and number of tags used.
10. Storage: If bags are not tagged, identify them in some permanent way, then stack by lots. Stack by lots even if bags are tagged.
Obtain an accurate count of bags, and enter into stock inventory card
along with exact location of seed in warehouse. The warehouse should
be clean and rodent proof.
11. Final Check: Draw a sample just before the shipping season
and hold or submit for test. If the sample is tested and germination
has dropped out of tolerance, recall seed. Don't wait for a stop sale
notice or call from a dissatisfied customer. After the sales season
is over, clean the warehouse, processing equipment , storage bins and
harvesting equipment. Review records on all lots -all analysis reports - and re-examine all samples taken. Determine how quality might
be further improved the next production season . Drive around the area
and look at some of the fields planted with your seed. How do they
look?
Quality control is not something mysterious. It's really just
paying attention to the important operations and procedures in a seed
business, and periodically checking to determine that standards are
achieved and maintained.
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VIM, VIGOR, VITALITY
C. Hunter Andrews!!
By definition, Vim = strength; Vigor = intensity of action; and
Vitali ty= power of enduring. Thus, if we utilize these terms to describe seed, we mean that the seed are strong with powerful action and
endurance. More commonly in the Seed Industry such seed are called
high quality seed - or seed of high vigor.
The quality l evel of seed may be expressed as a rating or degree
of excellence which seed possess only when compared to an acceptable
standard. Therefore, seed may possess high, medium or low vigor depending upon the criterion used for classifying them.
Attributes of seed quality are numerous ---appearance, uniformity,
germination, mechanical purity, insect and disease contamination, degree of injury, stage of maturity, degree of deterioration and, no
doubt, many others. Some of these seed quality attributes are routinely evaluated in standardized laboratory tests, while others are
more difficult to routinely assess. However, with the rapid changes
in seed production technology during the past few years, it has become
increasingly important to employ a series of seed quality tests to
truly evaluate the real quality/vigor potential of seeds.
Until recently it was generally considered that the quality condition of planting seed merely influenced the initial stages of seed
germination, field emergence and final stand survival. Indeed, in the
seed bed environment, seed of low to medium quality (vigor) often germinate, emerge and survive at a lower rate as compared to high quality
(vigor) seed. In addition, however, substantial data has been accumulated which indicates that the initial seed quality condition, influences the entire growth pattern of seed plants, including the final
Yield increases associated with high quality (vigor) seed vary
with crop kind and year, and increases reported have been as low as 5
percent and as great as 30 percent. Detailed investigations with corn
have shown that high quality seed gave a 21% and 12%yield increase
for 1971 and 1972, respectively . Yield increases from high quality
rice seed were 33 % and 38% in 1971 and 1974, respectively. High
qua li ty sorghum seed produced a 15%yield increase in 1971 . Each
yield increase is that above seed of the same variety but lower in
quality (vigor) .
Additional studi es show that corn plants from low quality (vigor)
seed have reduced ear weight, increased barren plants and reduced
11or. Andrews is an Associate Agronomist with the Seed Technology
Laboratory, Mississippi State University.
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yields at both 58,000 and 38,000 plants per hectare (Table 1). Also,
specific gravity investigations with ri ce seed have shown that seed of
greater specific gravity (higher quality/vi gor ) produce plant populations which give better yields of higher bushel weight (Table 2).
Numerous research results substantiate the fact that high quality
seed produce superior plants of greater competitive ability. Conversely, low quality seed may contribute to plant stands but not crop
performance.
In summary, studies with corn, rice, sorghum and cotton have shown
that low vigor seed cause the following problems in stands of seed
bearing plants: delayed and reduced emergence; small plants with thin
stems, fewer nodes and reduced leaf area; reduced tillering; delayed
panicle exsertion and reduced panicle length; delayed anthesis; increased barren plants; delayed maturity; and decreased yield.
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Table 1.

Influence of Corn Seed Vigor on Plant Performance.
Ear Weight (g}
38M
SSM

%Barren
SSM 38r¢.1

Vigor

Kg/Ha {000)
38M
SSM

8

2

124

164

s.s

S.7

Medium

12

1

llS

161

S.1

S.4

Low

11

7

106

142

4.5

4.S

High

1/Plants per Hectare S8,000, 38,000

Table 2.

s~.

Influence of Specific Gravity of Rice Seed on Yield
And Bushel Weight.

Gr.

Relative Yield %
1974
1971

Bu. Wt.
1971 1974

100

100

41

39

1.00 - LOS

68

83

39

39

LOS- 1.13

90

87

40

39

1.13- 1.20

100

42

40

1.20+
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43

42
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FORAGE AND TURF SEED PRODUCTION IN OREGON AND THE NORTHWEST
Don F. Grabe 1/
Specialized seed production as we know it really came into its own
in the Northwest in the 1940's, with its beginnings going back to the
1920's and 30's. Before that time, the majority of seeds were produced
in the areas where the crops were grown, and much was imported from New
Zealand and European countries.
Many specialized seed crops are grown in the western states . Forage and turf grass seed production is located mainly in Oregon and Washington. Clovers and alfalfas are important here also, but the majority
of alfalfa is produced in California. Vegetable seed production is
mainly in California and Idaho with small acreages in Oregon and Washington. Flower seeds are produced in Oregon with the remainder in
Arizona. Tree seeds, particularly conifers, are harvested in the mountain areas of the Northwest.
Several factors have contributed to the concentration of forage
and turf seed production in this area. One important factor is the dry
summers. Seed can mature, ripen and be harvested without damage by
rain and wind. The mild winters, with plenty of rainfall for growth but
little winterkilling, also contribute. Together, the dry summers and
mild winters result in dependable high yields of high quality seed. The
varying soi l types are adapted to several types of crops. Although these
seed are produced far from the consuming areas, seed can stand the
transportation costs better than grain crops.
Changes are continually occurring in the forage seed industry.
Some crops, formerly important, are no longer grown. Ladino clover seed
was grown primarily in Oregon at one time but is now produced mostly in
California. Millions of pounds of hairy and common vetch were once
grown but now there is very little. Austrian pea seed production has
disappeared. Crimson clover acreage has declined. But as old crops
disappear, new crops and varieties are continually being added. Acreages for seed rise and fall depending on demand and the acreage planted
for forage. High fertilizer prices and increased use of l egumes will
almost certainly cause an increased acreage of arrowleaf and other clover seed production to meet the demand for seed . Vegetable seed acreage is on the increase. Production for overseas markets has beomce
very important with many varieties in the OECO Program. Only a small
amount of this seed i s used in the Northwest, therefore, an effici ent
marketing system is necessary. The southeastern states are primary
users of the huge volume of ryegrass and crimson and arrowleaf clover
seed. Contract production is increasi ng as more and more proprietary
varieties are developed.

!I Or. Grabe i s a Professor in the Department of Agronomic Crop
Science, Oregon State University, Corvallis, Oregon
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The Willamette Valley in nortwest Oregon is the major seed producing area of the state. This valley is about 110 miles long and 45 miles
wide at the widest. It is bordered by the Cascade Mountains on the East
and the Coast Range on the West . The Valley enjoys a Mediterranean type
climate with mild, wet winters and warm, dry summers, ideally suited for
the production of grass and legume seed . Smal ler acreages of seed
crops are grown in eastern Oregon.
The major forage and turf seed crops grown in Oregon include annual
ryegrass, perennial ryegrass, orchargrass, tall fescue, creeping red fescue, chewings fescue, Kentucky bluegrass, bentgrass, alfalfa, crimson
clover and arrowleaf clover. Smal l acreages of white clover , subclover
and other crops are grown. Sugarbeet and vegetable seed are also important.
Over 300 varieties are included in the Oregon Seed Certification
Program. Out of this list, 237 varieties are currently being grown and
certified in Oregon.
A variety of soil types occur in the Valley. Much of the southern
part i s poorly drained. Although some other crops can be grown there,
the area is best suited for the production of annual and perennial ryegrass seed. The better drained soils are more suited to the production
of orchardgrass, fine fescues, bentgrass, and clovers.
Intensive production practices are followed and specialized equipment has been developed for forage and turf seed production. Grass seed
fields are nonmally managed for seed production only, rather than for
both seed and forage. This i s an important contributing factor to the
high seed yields and high seed quality.
Seed fields are planted in rows or drilled. Planting rates for seed
fields are much lower than for forage production of the same crop. In
the earlier days, rows were wide enough for cultivation to control weeds.
With the advent of chemical herbicides, the trend has been toward narrower
rows. Production in rows also facilitates the rogueing of weeds, other
varieties and off-type plants.
One method of stand establisment i s the chemical fallow method.
The seedbed i s prepared in the fall ready for planting. When fa ll rains
come, the weed seed germinate and grow. The field is sprayed with a
herbicide in the winter to control the weed growth. Following this, the
crop is seeded in early spring without further disturbing the soil
Perennial seed crops planted thi s way normally do not seed during the
first season.
A second method of establishment is the charcoal banding method.
The field is planted in the fall and a one-inch band of activated charcoal is applied immediately above the drill row. Following planting,
the field is sprayed with a non-sel ective herbicide . The herbicide controls all of the weeds between the rows and the charcoal protects the
newly planted crop seed. The few weeds remaining in the row are controlled by hand rogueing or spot spraying with herbicides. Perennial
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Charcoal banding method of stand establ i shment .

Newly established field following chemical fallow.
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ryegrass planted in the fall with charcoal method will set a seed crop
the following summer. With both the chemical fallow and charcoal banding methods, grass seed fields frequentl y meet certifi cation standards
for purity the first crop year.
Nitrogen fertilization i s the key to high yields of grass seed
crops. High rates are applied in split applications in fall and spring,
with the spring application also frequently split. Smal ler amounts of
phosphorus, potash and sulfur are used. Lime is normally not necessary
for grass seed production, but successful l egume seed production is dependent on lime application on highly acid soils. Swamp buggies with high
flotation tires are used to apply fertilizer when fields are wet in the
late winter and spring. When fields are too wet for ground rigs, helicopters are sometimes used .
Supplementary irrigation is sometimes used on seed crops, particularly in central and eastern Oregon. Most of the seed areages in the
Willamette Valley are not irrigated.
Sheep are commonly pastured on grass seed fields in winter and early
spring . They are removed before the culms elongate in the spring and
are taken to the hill pastures for the s ummer. Legume seed crops may
be clipped to reduce the amount of vegetative growth and to cause more
uniform flowering and seed maturity .
Numerous pests and diseases may cause limited damage to seed crops
in any year, but there are a few problems for which control measures
must be taken routinely every year. Rust in Kentucky bluegrass is controlled by spraying several times in the s ummer with a fungicide. Ergot
in grass seed and blind seed disease of perennial ryegrass are serious
diseases that are controlled through open field burning. There are no
known chemical methods for control of these diseases. Si lver top,
caused by insects, is also kept under control by burning. Billbugs are
serious pests of orchargrass and sometimes of Kentucky bluegrass. Control is by timely application of insecticides. Sod webworms may also
be destructive pests.
Intens ive management practices have been developed for weed control to prevent contaminating weed seed in the harvested crop. Weed
control at planting time is the key to successful weed management and
perennial crops are sprayed annually thereafter. Isolated weeds that
escape blanket applications of herbicide are controlled by spot spraying with soi l sterilants. Weeds along fences and roadsides are also
eradicated to prevent contamination.
Successful legume seed production i s dependent on good managment of
pollinator bees. Three kinds of bees are used in Oregon legume seed production -- honey bees, alkali bees, and l eaf cutter bees. Although
honey bees are used exclusively in other alfalfa seed production areas,
they are not the most successful pollinators in eastern Oregon. When
alkali bees are introduced several years ago, alfalfa seed yields doubled. Seed yields doubled again following the introduction of leaf cutter bees. Alkali bees are difficult to manage since they must be
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Spot spraying for control of weeds and off-type plants in a Kentucky
bluegrass field.

Most grass seed crops are windrowed before combining.
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maintained in bee beds in the ground. Leaf cutter bees raise their young
in cells in holes in bee boards which are placed around seed fields in
shelters to protect them from the weather. The cells are constructed
from pieces of alfalfa leaves. The eggs and food for the larve are deposited in the cells. Bumble bees are excellent pollinators of many
crops but are very difficult to colonize and manage. Only the queen
lives over the winter, so new colonies must be established every spring.
Much of the forage and turf seed production is under a seed certification program. This includes those varieties for domestic consumption
and those in the OECO Program. Field inspection for contaminating weeds,
other varieties and off types is an important factor in maintaining high
purity crop seed. Seedling inspections are also made because certain
off types are more evident at this stage than when the crop is mature.
Most seed crops other than bentgrass are windrowed before they are
combined. Shattering losses can be reduced by harvesting at an early
stage and allowing the seed to dry in the windrow. Moisture content can
be used as an index of the proper time for windrowing. Timely windrowing
greatly influences yields and it must be done during the brief time after
the majority of seed are mature but before the seed shatter extensively.
Following windrowing, the crop is allowed to dry for a week or more before combining. Rainfall during this period of the year is very rare.
Air drying normally reduces the moisture content to safe levels for storage, therefore, artificial drying is not practiced.
Combines with pickup attachments harvest the crop. Many of these are
grain combines especially modified for harvesting seed crops. Fleets of
five or more combines per field are commonplace.
There are about 325 seed processing plants in the Willamette Valley.
Many growers process only their own seed and possibly those of a neighbor
or two. Several plants handle over a million pounds of seed annually.
Much of the seed is cleaned, bagged, and ready for shipment within a few
weeks after harvest. The major pieces of cleaning equipment are the airscreen cleaner, disc separator, indented cylinder and specific gravity separator.
Fields are sanitized after harvest by open field burning. Such burning
serves to control diseases, insects, and weed pests as well as removing
the straw. In addition, this thermal treatment stimulates tillering for
maximum seed yields the following year. Open field burning, although an
essential agronomic practice, is being phased out because of objections
to the amount of smoke emitted. Alternate methods of sanitizing fields
are being investigated to replace open field burning. Several protype
mobile filed sanitizers have been developed but are not operational on a
commercial scale.
Alternative uses of straw and better straw handling methods are being
developed. Increased straw utilization is a necessity because many of
the alternatives to open field burning are based on prior straw removal.
Various methods of baling, cubing and otherwise densifying straw are
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Fiel ds are sanitized after harves t by open field burning.

A mobile field sanitizer
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being investigated. Development of larger markets for straw is difficult. While it is technically feasible to utilize straw in the plastic,
paper and other industries, it is frequently not economically feasible.
After the fall rains start, the perennial crop plants begin regrowth, seedbeds are prepared for new seedlings and a new cycle of seed
crop management begi ns .
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REGISTRATION LIST

ALABAMA
Curvin Hursh
Escambia Farm &Seed Co. , Inc.
Star Route A
Atmore, Alabama 36502

Harold H. Spencer
Spencer Seed &Grain Company
Athens, Alabama 35611
Calvin Schrock
Escambia Farm &Seed Co., Inc.
Star Route A
Atmore, Alabama 36502

Bob Burdett
South Donahue Drive
Auburn University
Auburn, Al abama 36830

Edward M. Clark
Auburn University
Dept. of Botany & Microbiology
Auburn, Alabama 36830

Floyd D. Culberson
I nternational Seed Co ., Inc.
3624 Sixth Avenue, South
Birmingham, Alabama 35222

William J . Isaacs
International Seed Co. , Inc.
3624 Sixth Avenue, South
Birmingham, Alabama 35222

Billy Ray Matthews
El lis Brothers
Route 1
Centre, Alabama 35960

Paul Gi lbert Johnson
Ring Around Products, Inc .
P.O. Box 589
Montgomery, Alabama 36101

Gurni a M. Moore
Al abama State Dept. of Agri.
P.O. Box 3336
Montgomery, Al abama 36109

Mr. & Mrs. U.R. Bishnoi
Alabama A &M
P.O. Box 149
Normal, Alabama 35762

Sanmy Hol brooks
Elli s Brothers
Route 1
Piedmont, Alabama 35960
ARKANSAS

Mr. &Mrs. Ray Cathey
Kaufma n Seeds, Inc.
P.O . Box 398
Ashdown, Arkansas 71822

Mr. & Mrs. W. Homer Sims
Brookside Seed Servi ce
Route 1
Bentonville, Arkansas 72712
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ARKANSAS continued
Charles E. Wright
E. B. Gee Seed Company
P.O. Box 147
Blytheville, Arkansas 72315

David Morgan
Lephiew Seed Company
P.O. Box 307
Dermott, Arkansas 71638

Swan B. Moss, Jr.
Lephiew Seed Company
P.O. Box 307
Dermott, Arkansas 71638

Don W. West
Route 1
Greenfield Seed Company
Harrisburg, Arkansas 72432

Don Cox
Gibbs Seed Company
Knobel, Arkansas 72435

Dickie Farmer
Gibbs Seed Company
Knobel, Arkansas 72435

Mr . & Mrs . David M. Yocum
Alice-Sidney Farms
Star Route 1
Lake Village, Arkansas 71653

Louis W. Farrin
Central Seed Cleaning
P.O. Box 199
Parkin, Arkansas 72373

Phillip Pollard
Central Seed Cleaning
P.O. Box 694
Parkin, Arkansas 72373

Louis McCa 11 ie
Riverside Chemical Company
P.O. Drawer 8369
Pine Bluff, Arkansas 71601

Jim Craig
Jacob Hartz Seed Company
P.O. Box 946
Stuttgart, Arkansas 72160

Travis Brasher
Lee Wilson &Company
Seed &Chemical Division
Wilson, Arkansas 72395

David Jones
Lee Wilson &Company
Seed & Chemical Division
Wilson, Arkansas 72395

Andy Morris
Holleman Seed Service
Wynne, Arkansas 72396

CALIFORNIA
Tom Cooley
Western Division
Delta & Pine Land Company
P.O. Box 1356
Brawley, California 92227

Marvin Rouhotas, Sr.
Marvin's Seed, Inc.
P.O. Box 1068
El Centro, California 92243

131
CALIFORNIA continued
Robert T. Wallace
Chevron Chemical Company
Ortho Division
P.O. Box 3744
San Francisco, CA 94120

C. E. Moran
Chevron Chemical Company
Richmond, Cali fornia 94800

COLORADO
Larry Corbin
North American Plant Breeders
P.O. Box 30
Berthoud, Colorado 80513

Richard C. Larsen
Cargi 11, Inc.
2540 East Drake Rd., Route 7
Fort Collins, Colorado 80521

Kenny Anderson
Anderson Seed &Grain, Inc.
P.O. Box 1017
Lamar, Colorado 81052

Alan Paulson
Anderson Seed & Grain, Inc.
P.O. Box 1017
Lamar, Colorado 81052

Geoffrey Burney
Oli ver Manufacturing Co ., Inc .
P.O. Box 512
Rocky Ford, Colorado 81067

James Thomas
Oliver Manufacturing Co., Inc.
P.O. Box 512
Rocky Ford, Colorado 81067
DELAWARE
George Glatz
I CI U. S . , I nc .
P.O. Box 751
Wilmington, Delaware 19897

Jerry ·Hevner
Southern States Coop . , Inc.
P.O. Box 519
Seaford, Delaware 19973
Bob Woods
I CI U.S. , Inc.
P.O. Box 751
Wilmington, Delaware 19897
fLORIDA
Carlos N. May
Pitnic Place, Inc.
P.O. Box 117
Jay, Florida 32565

John S. Pittman
Pitnic Place, fnc.
P.0. Box 117
Jay, Florida 32565
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fLORIDA continued
Michael Hiatt
Hiatt Seed Harvesting
Route 1, Box 340
Orlando, Florida 32809

Neal Hiatt
Hiatt Seed Harvesting
Route 1, Box 340
Orlando, florida 32809

H.L.
H.L.
P.O.
Palm

William D. Munroe
Munroe Machinery Company
Quincy, Florida 32351

Stansell
Stansell, Inc.
Box 158
Harbor, Florida 33563

Ron Nicodemus
H.L. Stansell, Inc.
Route 1, Box 208
Quincy, Florida 32351
GEORGIA
Gordon Kennedy
USS Agri-Chemicals
P.O. Box 1667
Albany, Georgia 31702

Cylas L. Crenshaw
Georgia Seed Dev. Commission
P.O. Box 164 A
Athens, Georgia 30601

Terry Hollifield
Georgia Crop Improvement Assn.
Athens, Georgia 30601

Johnny J. Luke
Georgia Crop Improvement Assn.
Athens, Georgia 30601

Sammie B. Parkman
Georgia Seed Dev. Commission
P.O. Box 164 A
Athens, Georgia 30601

Calvin H. Padgett
Gold Kist, Inc.
P.O. Box 705
Dublin, Georgia 31021

Hubert Daniel
Pennington Grain & Seed Company
P.O . Box 290
Madison, Georgia 30650

Ronnie Stapp
Pennington Grain & Seed Co.
P.O. Box 290
Madison, Georgia 30650

Otto Sonnenberg
Pennington Grain &Seed
P.O. Box 626
Vidalia, Georgia 30474
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IDAHO
Art Watkins
Conida Seed Company
P.O. Box 128
Hazelton, Idaho 83335
ILLINOIS
Jack Armstrong
Funk Seeds International
1300 West Washington Street
Bloomington , Illinois 61701

Wesley E. Wilcox
Funk Seeds International
1300 West Washington Street
Bloomington, Illinois 61701

Mr. &Mrs. Richard W. Denhart
Illinoi s Foundation Seeds, Inc.
P.O. Box 722
Champaign, Illinois 61820

Walter F. Smith
Bl ack Products Company
13513 South Calumet Avenue
Chicago, Illinois 60627

Mr. & Mrs . David Ekiss
FS Services
P.O. Box 131
Ci sco, Illinois 61830

Joe L. Beebe
Beebe Mil l Wood Farms
Cissna Park, Illinois 60924

Mr . & Mrs. Lou Brown
D.W . Tyler Company
907 West Fairchild Street
Danvi lle , Illinois 61832
Mr. & Mrs. John Strader
D.W. Tyler Company
907 West Fairchild Street
Danville, Illinois 61832
Mr. & Mrs . Harold Wright
DeKalb AgResearch
Sycamore Road
DeKal b, Illinois 60115
Carl Housman
Columbian Seed Company
Eldred, Illinois 62027

Mr. & Mrs. John C. King
D.W. Tyler Company
907 West Fairchild Street
Danvi ll e, Illinois 61832
Mr. & Mrs. Mike Strader
D.W. Tyl er Company
907 West Fairchi ld Street
Danvi ll e, Il l inois 61832
Mr. Raymond Dirhsmeyer
Columbian Seed Company
Eldred, Ill inoi s 62027
Alan L. Voiles
Columbian Seed Company
Eldred, Illinois 62027
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ILLINOIS continued
Dennis Agar
Shissler Seed Company, Inc.
Elmwood, Illinois 61529

Harvey W. Hunsberger
Burrows Equipment Company
Evanston, Illinois 60200

T.J. Hal e
Tris l er Seed Farms, Inc.
Fairmount , Illi noi s 61841

Larry Yeazel
Trisler Seed Farms, Inc.
Fairmount, Illinois 61841

Mr. &Mrs. Leo G. Windish
Windish Seedhouse
507 Northwest Fifth Avenue
Galva, Illinois 61434

Bennie Jones
FS Services, Inc.
Lee Center Seed Plant
Lee Center, Illinoi s 61331

Mr. & Mrs. Walt Monti
FS Services, Inc.
510 East Washington Street
LeRoy, Il li noi s 61752

Rob Mairs
Funk Seed International
P.O. Box 397
Marion , Illinois 62959

Carl Wa 11 in
Trojan Seed Company
Mason City, Illinois 62664

Steve Dennison
Customaize, Inc.
P.O. Box 160
Momence, Illi nois 60954

Ralph H. Wildy
Rural Route 1
New Athens, Illinois 62264
Mr. & Mrs. Carl E. Johnson
Del Monte
Rural Route 2
Rochel l e, Illinois 61068
Elsi Hall
Illinois Dept. of Agriculture
513 East Sangamon Avenue
Springfield, Illinois 62706
Wilma Mi 11 er
Illinois Dept. of Agriculture
513 East Sangamon Avenue
Springfield, Illinois 62706

Mr. & Mrs. Alfred Fuoss
FS Services, Inc.
Piper City Seed Plant
Piper City, Illinois 60959
Perle Billa
Illinoi s Dept. of Agriculture
513 East Sangamon Avenue
Springfield, Illinois 62706
Edward L. McQuire
Illinois Dept. of Agriculture
513 East Sangamon Avenue
Springfi eld, Illinois 62706
Mr. & Mrs . H.A. Stults, Jr.
Stults Scientifi c Eng. Corp .
3313 South 66 Freeway
Spri ngfi eld , Illinois 62703
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ILLINOIS continued
Lon Gaither
Landers Seed Company
Route 32, South
Sul livan, Illinois 61951

Don Rosenbery
Pioneer Hi-Bred International
Peterson Seed Division
P.O . Drawer F
St. Joseph, fllinois 61873
Herschel Wahl s
Landers Seed Company
Route 32, South
Sullivan, Illinois 61951

Robert Dunker
Dept. of Agronomy
University of Illinois
W-321 Turner Hall
Urbana, Il linois 61801

George Keith
Illinois Crop Improvement Assn.
508 South Broadway
Urbana, Il l inois 61801

Paul Palmgren
Illinoi s Crop Improvement Assn.
508 South Broadway
Urbana, Il l inois 61801
INDIANA

Vernon F. Sutton
V. R. Seed, Inc.
St. Rol 18
Flora, Indiana 46929

John Robertson
c/oPrairie Stream Farms
Rural Route 3
Frankfort, Indiana 46041

Gene Krieger
c/o Stewart Brothers
Route 8, Box 227
Greensburg, Indiana 47240

Paul Rogers
Olin Corporation
433 Leisure Lane
Greenwood, Indiana 46142

Bob Will
TenBarge Seed Company
P.O. Box 187
Haubstadt, Indiana 47639

Claude Butt
Indiana Crop Improvement Assn .
3510 U.S. 52, South
Lafayette, Indiana 47905

Dan Edwards
Indiana Crop Improvement Assn.
3510 U.S. 52, South
Lafayette, Ind tana 47905

Fred Hal sema
Indiana Crop Improvement Assn.
3510 U.S. 52, South
Lafayette, Indiana 47905

Mike Miller
Indiana Crop fmprovement Assn.
3510 U.S. 52, South
Lafayette, fndi'ana 47905

Kevin Seward
Indiana Crop Improvement Assn.
3510 U.S. 52, s·outh
Lafayette, Indfana 47905
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INDIANA continued
Larry Syajgr
Indiana Crop Improvement Assn.
3510 U.S. 52, South
Lafayette, Indiana 47905

Steven C. Wolf
Indiana Crop Improvement Assn.
3510 U. S. 52, South
Lafayette, Indiana 47905

John Gerard
V.R. Seeds, Inc.
P.O. Box M
Plymouth, Indiana 46563

Mr. & Mrs. G. Robert Kinsell
Si lver Lane Hybrids, Inc .
Remington, Indiana 47977

Mr. & Mrs. Steve Kinsell
Silver Lane Hybrids, Inc.
Remington, Indiana 47977

Wayne Schuler
Funk Seed International
P.O. Box 163
Rockville, Indiana 47872

Mark Wenning
Agriculture Alumni Seed Imp. Assn.
P.O. Box 158
Romney, Indiana 47981

John Wolf
Agri. Alumni Seed Imp. Assn.
P.O. Box 158
Romney, Indiana 47981

Mr. & Mrs. Lowell M. Cable
Weybright Seed Servi'ce, Inc.
Route 2, Box 34 (BX 73 CR48)
Syracuse, Indiana 46567

Mr. &Mrs. John Leer
Weybrig ht Seed Service, Inc.
Route 2, Box 34 (BX 73 CR48)
Syracuse, Indiana 46567

Mr. &Mrs. Les Zorger
Callahan Enterprises, Inc.
720 West 169th Street
Westfield, Indiana 46074

Steve Beckham
Purdue University
Agronomy Department
Life Science Building
West Lafayette, Indiana 47907

Eldon Hood
Purdue University
Department of Agronomy
Life Science Building
West Lafayette, Indiana 47907
Gary Smelser
Voris Seeds, Inc.
P.O. Box 457
Windfall, Indiana 46076

B.A . McKenzie
Extension Agriculture Engin.
Purdue University
West Lafayette, Indiana 47907
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IOWA
Lawrence f . Hameister
Mike Brayton Seeds, Inc.
P.O . Box 308
Ames, Iowa 50010

Lee Huey
Mike Brayton Seeds , Inc.
P.O. Box 308
Ames, Iowa 50010

Gary Miller
Clyde Black & Son, Inc.
Rural Route 4
Ames, Iowa 50010

Kelvin Bronner
Funk Seeds International
Belle Plaine, rowa 52208

David S. McClure
Acco Seed
515 River Avenue, North
Belmond, Iowa 50421

Alan Mensing
Garst & Thomas Hybrid Corn Co.
Coon Rapids, Iowa 50058

Richard C. Whitman
Chevron Chemical Company
P.O. Box 731
Des Moines, Iowa 50303
Mr. & Mrs. Gene Koch
Land-0-Lakes-Felco
Fort Dodge, Iowa 50501

Mr . and Mrs. Chuck Ehen
Land-0-Lakes-Felco
Fort Dodge, Iowa 50501
Mr. & Mrs . George Varner
FS Services , Inc .
Houghton Iowa Seed Plant
Houghton, Iowa 52631

Irving R. Deihl
Pioneer Seed Company
Johnston, Iowa 50131

Peter Thurman
Federal Hybrids
Route 2
Marion, Iowa 52302

Ralph Arthur
Teweles Seed Company
1600 Oregon Street
Muscatine, Iowa 52761

Dave Bossman
Teweles Seed Company
1600 Oregon Street
Muscatine, Iowa 52761

Rona l d Marshall
Tewel es Seed Company
1600 Oregon Street
Muscatine, Iowa 52761

Jim Mi 11 er
Teweles Seed Company
1600 Oregon Street
Muscatine, Iowa 52761

Dean Vos
Teweles Seed Company
1600 Oregon Street
Muscatine, rowa 52761
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IOWA continued
Gretchin Englehart
Chevron Chemical Company
Midwest Field Res. Sub-Station
P.O. Box 498
Norwalk, Iowa 50211

Mr. & Mrs. Ray Knake
Chevron Chemical Company
Midwest Field Res. Sub-Station
P.O. Box 498
Norwalk, Iowa 50211
KANSAS
Robert Cook
Cleve Cook Grain Company
P.O. Box 685
Emporia, Kansas 66801

Feli x Diskin
Greenbush Seed & Supply, Inc.
Route 4
Girard, Kansas 66743

Bob Jacquinot
Greenbush Seed &Supply , Inc.
Route 4
Girard, Kansas 66743

Art Armbrust
Sharp Brothers Seed Company
P.O. Box 213
Healy, Kansas 67850

Marvin Bretz
Sharp Brothers Seed Company
P.O. Box 213
Healy, Kansas 67850

Terry Donecker
Sharp Brothers Seed Company
P.O. Box 213
Healy, Kansas 67850

Harold Gossett, Jr.
Sharp Brothers Seed Company
P.O. Box 213
Healy, Kansas 67850

Bob Hershberger
Sharp Brothers Seed Company
P.O. Box 213
Healy, Kansas 67850

Lowell Burchett
Kansas Crop Improvement Assn.
Kansas State University
Manhattan, Kansas 66506

Verlin H. Peterson
Extension Agronomist
Kansas State University
Manhattan, Kansas 66506

Ron Blake
Taylor Seed Company
Rural Route 3
Parsons, Kansas 67357

Murland L. Taylor
Taylor Products Company
Rural Route 3
Parsons, Kansas 67357

Harvey Wicks
Taylor Seed Company
Rural Route 3
Parsons, Kansas 67357

Ronald L. Yates
Sharp Brothers Seed Company
Shields, Kansas 67874
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KENTUCKY
Bruce Moore
University of Kentucky
Foundation Seed Project
Lexington, Kentucky 40506

Gene Schanding
University of Kentucky
Foundation Seed Project
Lexington, Kentucky 40506

Glen Clemons
Kentucky Seed Company
Division of Northrup King & Co.
Louisville, Kentucky 40201

Henry Maxwe 11
Kentucky Seed Company
Division of Northrup Ktng & Co.
Louisville, Kentucky 40201

Edgar Gross
USDA - SCS
Plant Materials Center
Quicksand, Kentucky 41363

Samuel Sanders
USDA - SCS
Plant Materials Center
Quicksand, Kentucky 41363

Sarrmy Sugg
Bolin Farm Servi ce, Inc.
Route 1
Wingo, Kentucky 42088
LOUISIANA
Wayne Gremillion
Louisiana Seed Company, Inc.
P.O. Box 7498
Alexandria, Louisiana 71301

Dave ~ewe ll
Louisiana Seed Company, Inc.
P.O . Box 7498
Alexandria, Louisiana 71301

Tim Scroggs
Louisiana Seed Company, Inc.
P.O. Box 7498
Alexandria, Louisiana 71301

Lance Shaw
Louisiana Seed Company, Inc.
P.O. Box 7498
Alexandri a, Louisiana 71301

Roland Smith
Louisiana Seed Company , Inc.
P.O. Box 7498
Alexandria, Louisiana 71~01

Douglas L. Deason
Cooperative Extension Service
Louisiana State University
Baton Rouge, Louisiana 70803

William A. DelaHoussaye
DelRico, I'nc.
P.O. Box 463
Crowley, Loui stana 70526

Sidney Taylor
Terra l-Norris Seed Company,lnc.
P.O . Box 826
Lake Providence, LA 71254

140
LOUISIANA continued
Thomas F. Terral
Terral-Norris Seed Company, Inc.
P.O. Box 826
Lake Provfdence, LA 71254

Cal Coker
Southern Indiana Pkg. Corp.
P.O. Box 1823
Monroe, Loufsiana 71291

Mr. & Mrs. John Mer~dtth
Southern Seedsmen's Assn.
2036 L1'ne Avenue
Shreveport, Louisiana 71104

Carter Percy
Weyanoke, Louistana 70787

MARYLAND
Stan Bridges
Southern States Cooperative, Inc.
2101 East Fort Avenue
P.O. Box 1436
Baltimore, Maryland 21203
MICHIGAN
Mr. & Mrs. Vergil Frevert
Crippen Manufacturing Co., Inc .
P.O. Box 350
Alma, Mtchigan 48801

John M. Thomas
Ferrell-Ross Company
1621 Wheeler Street
Saginaw, Michigan 48602

Bill Wallace
Ferrell-Ross Company
1621 Wheeler Street
Saginaw, Michigan 48602
MINNESOTA
Stephen L. Cashman
CEA: Carter Day Company
500 73rd Avenue, N.E.
Minneapolis, Minnesota 55432

Fe1i x Norman
CEA: Carter International
Minneapolis, Minnesota 55400

Rudy Petrila
Stielow Addressing System
100 North 6th Street
Minneapolis, Mtnnesota 55403

Joseph Spitzmueller
Northrup, King &Company
1500 Jackson Street, N.E.
Minneapolis, Minnesota 55413
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MINNESOTA continued
Pete Vogel
Northrup, King &Compa ny
1500 Jackson Street, N.E.
Minneapolis, Minnesota 55413

Keith Ever!ion
Trojan Seed Company
Ol ivia , Minnesota 56277

Denni s E. Sandmann
Trojan Seed Company
Olivia, Minnesota 56277

Bob Thurston
Trojan Seed Company
Ol iv ia , Minnesota 56277

Roger Landers
Trojan Seed Company
Oli via , Minnesota 56277

John Lofton
Northrup, King &Company
P.O. Box 250
Roseau, Minnesota 56751

Mr. & Mrs. Edward Sprute
Peterson Forage Seed Division
P.O . Box 186
Savage , Minnesota 55378

Robert Lingen
Stephen Seed House, Inc.
Stephen, Minnesota 56757

Denny Bakke
Forsbergs, Inc.
P.O. Box 510
Thief River Falls, Minnesota

Harry Donarski
Forsbergs, Inc.
P.O. Box 510
Thief River Fal ls, MN:

56701

56701

MISS ISSIPPI
Joe W. Butler
The Wax Company, Inc.
P.O. Box 60
Amory, MS 38821

Philli p Lee
Del ta Seed & Rice, Inc.
P.O . Box 2045
Arcola, MS 38722

Toi11Tiy Walker
Delta Seed & Rice, Inc.
P.O . Box 2045
Arcola, MS 38722

J. Bernard Smith
Farmers Elevator & Supply
P.O. Box 579
Belzoni, MS 39038

Robert Lewis, Jr.
MS·IA
1614 Sansi ng
Clarksda le, MS 38614

Paul Powell
Rose Seed Company
P.O . Box 849
Clarksdal e , MS 38614
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MISSISSIPPI continued
Vern Daniel s
Jorda n Wholesale Company, Inc.
P.O. Box 867
Cleveland, MS 38732

Bruce Jackson
Jordan Wholesale Co. , Inc.
P.O. Box 867
Cl evel and , MS 38732

Mr. &Mrs. Tommy Little
Service Seed Company
P.O. Box 469
Crystal Springs, MS 39.059

Mr. & Mrs. Doug Stephens
Riverside Chemical Company
Drew, Mi ssi ssi ppi 38737

Freddie M. Miller
Riverside Chemical Company
P.O. Box 858
Greenville, MS 38701

Mr . & Mrs . Kyle Rushing
Chevron Chemical Company
Old Leland Road, Box 5008
Greenv1lle, MS 38701

Mack Skelton
Apartment 22
Nottingham Apartments
Greenville, MS 38701

James Boyles
MSIA
313 Lee Street
Indianola, MS 38751

Trent Wood
Gunnison Planting Seed & Gin Co .
P.O. Box 97
Gunnison, MS 38746

Mike Baugh
MFC Services (AAL) Seed Div.
P.O. Box 449
Jackson, MS 39211

Jon Tate
MSIA
313 Lee Street
Indianola, MS 38751

G.F. Vaughan
Mi ss . Dept . of Agri. &Comm.
P.O. Box 1609
Jackson, MS 39205

Charles E. Smith
MFC Services
P.O. Box 449
Jackson, MS 39205

Joh nny All r ed
Farmers Mi lling & Seed
P.O. Box 70
Magnolia, MS 39652

Charles Cook
Farmers Feed & Supply Co.
608 North Main
Leland, MS 38756

Sammey Goodwin
Cook Industries
P.O. Box 249
Marks, MS 38646
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MISSISSIPPI continued

v.c.

Dona 1d Co 11 ins
Cook Industries
P.O. Box 249
Marks, MS 38646

Balig~r

Dept. of Agronomy
P.O. Box 5248
Mississtppi' State, MS 39762

Donnie Smith
Cook Industries
P.O. Box 249
Marks, MS 38646

A. Roy Armstrong
Lone Oak Seeds
Route 1, Box 278
Smithvil le, MS 38870

Kenneth McClain
Delta & Pine Land Company
P.O. Box 245
Scott, MS 38772

Dewey Stotts
Mississippi Seed, Inc.
P.O. Box 686
Tunica, MS 38676
A11 an Spragi ns
Refuge Seed Co.
Route 2, Box 335
Greenville, MS 38701

A.V. Armstrong
Lone Oak Seeds
Route 1, Box 278
Smithville, MS 38870
Tom Green, Jr.
West Point Elevator
P.O. Box 255
West Point, MS 39773
MISSOURI
Larry D. Ross
Carthage Foundry & Machine Co.
429 North Main Street
Carthage, MO 64836

Carl Park
Park View Acres Seed Co.
208 East Ohio Street
Clinton, MO 64735

Viola M. Stanway
Missouri Seed Testing Lab.
Dept. of Agronomy
University of Missouri
18 w-aters Ha 11
Columbi~, MO 65201

John Mark Henderson
Bootheel Farm Service, Inc.
P.O. Box 9
Hayti, MO 63851

Anci 1 Johnson
Berger & Plate Company of Mfssouri
P.O. Box 177
Liberal, MO 64762

Steve Rouchka
MFA Seed Division
P.O. Box 550
Marshall, MO 65340
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MISSOURI continued
Robert Cook
E.B. Gee Seed Company
P.O. Box 162
Marston, Mi"ssouri 63866

Baldwin, Jr.
Plqnt Pathology
Universi'ty of Missouri·
P.O. Box 160
Portageville, Missouri 63873
Charle~

Harold D. Kerr
University of Mi ssouri-Columbia
P.O. Box 160
Portageville, Missouri 63873

Mr . & Mrs . Donald Lucas
Embro Seed Company, I'nc.
P.O. Box 12286
St. Louts , Missouri 63157

Hube Chaney
Chaney Seed House
Route 6
Sedalia, Missouri 65301

David Pearson
Roy Becker Seed Company
Route 1
Sikeston, Missouri 63801

Jerry Schuerenberg
Roy Becker Seed Company
Route 1
Sikeston, Missouri 63801

Dave Haggard
Haggard Farms
Route 2
Steele, Missouri

63877

MONTANA
Mr . & Mrs. Donald Becker
Eisenman Seed Company
Fairfield, Montana 59436
NEBRASKA
Clint Carlson
Holdrege Seed & Farm Supply
P.O. Box 530
Holdrege, Nebraska 68949

Don Freitag
Holdrege Seed & farm Supply
P.O. Box 530
Holdrege, Nebraska 68949

LeRoy Stumpe
Hoegemeyer Hybrids, Inc.
Hooper, Nebraska 68301
NEW MEXICO
Mr. & Mrs. Fred New
Agricultural Seed & Product Co.
P.O. Box 698
Mesquite, New Mexico 88048
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NEW YOBK
Peter C. Shuster
Shuster Farms
Route 3, Box 3149
Seneca Falls, New York 13148
NORTH CAROLINA
Brian Ashford
McNair Seed Company
P.O. Box 706
Laurinburg, North Carolina 28352

Daryl Zevely
McNair Seed Company
P.O. Box 706
Laurinburg, N.C . 28352

T.T. James, Jr.
N.C. Crop Improvement Assn.
P.O. Box 5155
Raleigh, N.C . 27607

Eddie Martin
N.C. Crop Improvement Assn.
P.O. Box 5155
Raleigh, N.C. 27607

Mr . & Mrs. Ronald Mclendon
Speight Seed Farms
P.O. Box 507
Winterville, N.C. 28590
NORTH DAKOTA
Leroy Spilde
N.D. State University
Agronomy Seed Farm
Casselton, N.D. 58012

Mr. &Mrs. Harvey Pyle
Mcintyre Seed Farm
P.O. Box 126
Casselton, N.D. 58012
OHIO
George I. Riker
Riker Farms Seeds
10732 East Poe Road
Bowling Green, Ohio 43402

Roy Becker
Ohio Seed Improvement Assn.
1001 West Lane Avenue
Columbus, Ohto 432l1

Delbert Byg
Ohio State University
Columbus, Ohio 34210

Stephan Williams
Landmark, Inc.
245 High Street
Columbus, Ohio 43216

Mr . & Mrs. Don f. Clark
H.W . Martin & Son
Rural Route 2
Hebron, Ohio 43025
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OHIO continued
Gary Deerwester
Landmark, Inc.
P.O. Box 445
South Charleston, Ohio 43216

Clayton J, Houck
Houck Seed &Grain Company
Route 2
Monroev ille, Ohio 44847
OKLAHOMA

John Robert Hill
Cliff Hill Seed Co. &
Hennessey Seed Company
P.O. Box 3182
Enid, Oklahoma 73701

William Swinton
Cliff Hill Seed Co. &
Hennessey Seed Company
P.O. Box 3182
Enid, Oklahoma 73701

Johnny Bullock
Hobart Seed Company
P.O. Box 778
Hobart, Oklahoma 73651

J.R. Smith
Hobart Seed Company
P.O. Box 778
Hobart, Oklahoma 73651

Gary Plunkett
Muskogee Seed Company
501 North Main Street
Muskogee, Oklahoma 74401

John Belding
OKLA. Foundation Seed Stocks
Agronomy Research Station
Oklahoma State University
Sti llwater, Oklahoma 74074

Mr. & Mrs. Dale L. Ringwald
Okl ahoma Crop Improvement Assn.
Agronomy Department
369 Agronomy Hall
Oklahoma State University
Stillwater, Oklahoma 74074

Jim Trybom
OKLA. Foundation Seed Stocks
Agronomy Research Station
Oklahoma State University
Stillwater, Oklahoma 74074
OREGON

Don Grabe
Dept. of Agronomic Crop Science
Oregon State University
Corvallis, Oregon 97330

Hqrold Youngberg
Cooperative Extension Service
U.S. Dept. of Agriculture
Oregon State University
Extnesion Hall
Corvallis , Oregon 97331
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~ENNSYLVANIA

T. Klein
Mercator Corporation
P.O. Box 142
Reading, PA 19603

Vincent J. Palau
Mercator Corporation
P.O. Box 142
Reading , PA 19603
Mr. & Mrs. Joseph J. Beebe
B-2 Seeding
Crownvetch Farms
Route 4, Box 226
Towanda, PA 18848

SOUTH CAROLINA
S. Presley Coker, Jr.
Southern Seedsmen's Assn.
P.O. Box 340
Hartsville, S.C. 29550
SOUTH DAKOTA
Keith Hansmeier
Hansmeier & Sons, Inc.
Bristol, S.D. 57219
TENNESSEE
Mr. & Mrs . Gary Brinkley
Mid-South Seed Testing Lab.
P.O. Box 947
Gallatin, Tennessee 37066

Pete Brunson
Hagan Manufacturing Company
P.O. Box 9307
Memphis, Tennessee 38109

Virgtl Harden
Hagan Manufacturing Company
P.O. Box 9307
Memphis, Tennessee 38109

Jerry Hays
Riverside Chemical Company
P.0. Box 17119.9
Memphis, Tennessee 38117

Craig Maners
Emis Company, Inc.
5415 Elmhurst
Memphi s, Tennessee 38118

Raymond E. Cobble
Tennessee Crop Imp. Assn.
5201 Marchant Drive
Nashville, Tennessee 37211
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TENNESSEE continued
Joe L. Dudney
Tennessee Crop Improvement Assn.
P.O. Box 11019
Nashville, Tennessee 37211

James Guthrie
Tennessee Seed Producers, Inc.
412 Murfreesburo Road
Nashville, Tennessee 37210

Merrill R. Hammons
U.S.S. Agri Chemicals
P.O. Box 90446
Nashville, Tennessee 37209

Randy Swanson
Dennison Manufacturing Company
P.O. Box 93746
Nashville, Tennessee 37204
TEXAS

Mr. & Mrs. Donald J. Voorhorst
Gustafson, Inc.
6350 LBJ Freeway #111
Dallas, Texas 75240

Louis Aguilar
Harpool Seed, Inc.
P.O. Drawer B
Denton, Texas 76201

Lealand Dean
Harpool Seed, Inc.
P.O. Drawer B
Denton, Texas 76201

Denni s Smith
Harpool Seed, Inc.
P. O. Drawer B
Denton, Texas 76201

Richard Patzig
George Warner Seed Company
P.O. Box 1448
Hereford, Texas 79045

Gary Rea
George Warner Seed Company
P.O . Box 1448
Hereford, Texas 79043

Gordon L. Harrison
Harrison Conveyor Company
6139 Indigo Street
Houston, Texas 77036

Einar Samuelson
Comet Rice Mills
P.O . Box 1681
Houston, Texas 77001

Raul Campos
Growers Seed Association
P.O. Box 1656
Lubbock, Texas 79408

Warren K. Dulin
Agriculture Unlimited, Inc.
4206 Locust
Lubbock, Texas 79404

Thomas c. Hatoon
Plains Seed & Delinting Co., Inc.
P.O. Box 5185
Lubbock, Tex~s 79417

John T. Haynes
Western Equip. & Supply Co.
P.O. Box 1295
Lubbock, Texas 79414
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TEXAS continued
Dale Montgomery
Growers Seed Association
P.O . Box 1656
Lubbock, Texas 79408

Mr. & Mrs . Jerry Race
Del ta & Pine Land Co.
Rout e 1, Box 42-B
Lubbock, TX 79401

Herschel Wade
Chevron Chemical Company
3802 56th Street
Lubbock, Texas 79413

Duane Griffith
Pioneer Hi-Bred Intern., Inc.
P.O. Box 788
Plainview, Texas 79072

Gene H. Hembree
Browning Seed, Inc.
P.O. Box 1836
Plainview, Texas 79072

Mr. & Mrs . Don E. Tipton
Pioneer Hi-Bred Intern., Inc.
P.O. Box 788
Plainview, Texas 79072

W. Ray Smith
Agriculture Growth Company
P.O. Box 3912
San Angel o, Texas 76901

Mr . & Mrs. Ken Skari en
Seedsmen's Digest
1910 East Olmos Drive
San Antonio, Texas 78201

Mr. & Mrs. Paul R. Mezynski
Seed & Grain Technology
Building 45-17
Texas State Technical Institute
Waco, Texas 76705
VIRGINIA
David L. Whitt
Virginia Crop Improvement Assn.
420 Smyth Ha 11
Blacksburg, VA 24061

George W. Winstead
Southern States Cooperative
P.O. Box 1656
Richmond, VA 23213

WASHINGTON, D.C.
Mr. & Mrs . Harold Loden
ASTA
Suite 964 Executive Building
1020 15th Street, N.W.
Washington, D.C. 20005
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WISCONSIN
George K. Black
Tracy &Son Farms, Inc .
Route 1
Janesville, Wisconsin 53545

Mr. & Mrs. Dwight D. Forsyth
Wisconsin Dept . of Agriculture
1113 Waban H111
Madison, Wisconsin 53711

Jeffrey G. Matchette
Nitragin Sales Corporation
3101 West Custer Avenue
Milwaukee, Wisconsin 53209

Mr. & Mrs. Gary R. Sackman
Jacques Seed Company
Prescott, Wisconsin 54021

COSTA RICA
Ronald Echandi
University of Costa Rica
San Jose, Costa Rica
VENEZUELA
Marcos Lanz
CIARCO
Araure Estado Portuguesa
Venezuela, SA
YUGOSLAVIA
Vladimir B. Stimec
Institute for Agriculture
Belgrade
Yugoslavia

Gajic Votislav
Utva Pancevo
Belgrade
Yugoslavia

Nenadovic Zivota
Institut Zakukuruz
Beograd
Slodana Batica 1
Yugoslavia

Bebic Zoran
Institut Zakukuruz
Beograd
Sl odana Batica 1
Yugos 1av1~a

